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ABSTRACT
Brugia pahangj infections in the jird (Meriones
unguiculatus is an accepted experimental model for the 
study of human lymphatic filariasis. Initial
identification of parasite specific immune responses in 
jirds infected with B> pahangj are reported here.
Antibody reactivity in sera from singly and multiply 
infected jirds against different stages of B- pahangj was 
determined using an indirect fluorescent antibody
technique. All life cycle stages of the parasite were 
examined. Antibodies recognizing all stages were present 
in all serum samples. Removal of antibody reactivity by 
absorption of jird sera with B- pahangj antigen coated 
beads indicated that the antibodies were parasite
specific. The cuticular surface was not recognized as 
immunogenic in jirds. Temporal occurrence of stage or
organ specific antibody was not observed.
Antibody responses of infected jirds to a soluble 
somatic extract of B. pahangj were further characterized 
by Western blot analysis. Antibody recognition of 
parasite antigens appeared to be independent of ELISA 
antibody titers, lymphatic lesion severity, microfilaremia 
levels, inoculum size or numbers of adult parasites
recovered. However, antibody recognition of 37 kD, 21 kD, 
17 kD and 15 kD protein bands appeared to correspond with 
certain parasitological and/or host interactive events. 
Chronological association of antibody responses to these
proteins were identical in singly and multiply infected 
jirds. No correlation between antibody recognition of 
antigens and severity of lymphatic lesions suggests that 
antibody is not directly involved in the pathogenesis of 
these lesions.
The soluble somatic extract of S- pahangj was 
fractionated using lectin affinity chromatography and high 
performance liquid chromatography yielding a glycoprotein 
pool and seven HPLC fractions. Pulmonary granulomatous 
inflammatory and In vitro lymphocyte blastogenic responses 
to these fraction were measured and compared. Granulomas 
were induced by the glycoprotein pool and three HPLC 
fractions. A pulmonary eosinophilic perivascular
inflammatory infiltrate appeared to be associated with 
granuloma size. Results indicate that the fractionation 
methods used yielded fractions that retained antigenicity 
and were both qualitatively and quantitatively different. 
Fractions containing antigens inducing a pulmonary 
granulomatous response were identified. Two fractions 
with suppressive properties were also identified. Some 
correlation between in vivo granulomatous responses and in 
vitro blastogenesis was observed.
vi
INTRODUCTION
Lymphatic Filariasis 
Lymphatic filariasis is a disease affecting millions 
of people and is endemic in the tropical and subtropical 
regions of the world between 40° N latitude and the Tropic 
of Cancer (Mak and Dennis, 1985; Sasa, 1976). Lymphatic 
filariasis is the result of infection with the filarial 
nematodes Wushsreria bancrofti, Brutfia malayi or Brugia 
timori (Meyers et al., 1976; WHO, 1974, 1984). The life
cycle of these parasites requires a mosquito as a 
biological vector. Culex. Aedes. Anopheles and Mansonia 
species have been identified as vectors in the transmission 
of filariasis (Mak, 1987). The adult parasites, which 
reside in the lymphatics, sexually reproduce releasing 
large numbers of microfilariae which circulate in the 
blood. The microfilariae are ingested by the mosquito with 
a blood meal from an infected individual. Within the 
mosquito, the microfilariae undergo development requiring 
approximately 14 days to become the infective third stage 
larvae (Lg). When the mosquito next obtains a blood meal, 
the Lg leave the mosquito through the labium and enter the 
vertebrate host through the bite wound migrating to the 
lymphatics and regional lymph node. They undergo two molts 
in the host and reside as adults in the lymphatics. 
Prepatency is presumed to be seven months for fj. bancrofti 
and three to three and one-half months for Brugia timori or 
Brugia malayi (Dondero et al., 1972).
Ninety percent of the cases of human lymphatic 
filariasis are caused by VJ. bancrofti, but dual infections 
of iJ. bancrofti and £. malayi are known to occur (Mak,
1987; WHO, 1984). There is no known animal reservoir for
13. bancrofti. However, in some endemic regions the
infection rates for £. malayi in both monkeys (Fresbytis 
spp.) and cats are similar to those in man making a 
aoonotic transmission of brugian filariasis a possibility 
(Laing et al., 1960; Lim and Mak, 1983; Mak et al, 1985).
B. pahangj. a parasite of dogs and cats and wildlife such
as the civit cat, tiger, leaf monkey and slow loris, has
reportedly been transmitted to man both experimentally and 
naturally (Edeson et al., 1960; Palmieri et al., 1985).
The_Spectrum of Clinical Disease
A spectrum of clinical manifestations has been
observed among individuals in endemic regions and five 
clinical syndromes have been described (Lie, 1962; Myers 
and Kouwenaar, 1939; Ottesen, 1984). The descriptions of 
these syndromes are as follows:
1. Endemic "Normals’' - Individuals continually exposed
to infected mosquitos with no clinical evidence of
infection or disease. The exact clinical status of 
these individuals has not yet been defined. Whether 
individuals in this group represent an occult form of 
filariasis, have an acquired immunity, are inately 
resistant to disease or are a heterogeneous population 
composed of all three types is not known.
2. Asymptomatic Microfilaremics - Individuals with this
syndrome exhibit no clinical disease but are infected 
as evidenced by the presence of circulating 
microfilariae.
3. Acute Filariasis - Individuals who have microfilaremia
and acute disease characterised by recurrent bouts of 
lymphadenitis, lymphangitis, fever and malaise.
4. Chronic, Obstructive Disease - Individuals who develop
the characteristic clinical signs of obstructive 
filariasis (elephantiasis) showing extensive lymphedema 
of affected limbs, hydrocoele and/or chyluria.
5. Tropical Pulmonary Eosinophilia - Individuals within
this syndrome exhibit a marked Type I hypersensitivity 
to circulating microfilariae which is manifested as a 
severe asthma-like syndrome with markedly elevated 
circulating eosinophilia (20-9035), enlarged lymph nodes 
and occasionally a generalised lymphadenopathy. 
Without treatment, these individuals develop chronic 
obstructive pulmonary disease.
Within an endemic population, the question of 
progression within this spectrum of clinical disease is 
incompletely answered. Individuals with asymptomatic 
microfilaremia may remain in an unchanged clinical state 
for decades, whereas others may progress to acute 
filariasis. It is not known whether an asymptomatic stage
always precedes clinical disease. It is not known if 
individuals with acute filariasis can revert to an 
asymptomatic state or whether individuals with a static 
asymptomatic infection can progress to an endemic “normal" 
state. However, it has been reported that chronic 
obstructive disease can occur without being preceded by 
acute filariasis. (Kumaraswami, 1985).
In general, lymphatic filariasis is considered to be a 
chronic disease with a slow progression requiring prolonged 
exposure to repeated infection and characterised by 
morbidity rather than mortality (Ogilvie and MacKensie, 
1981; Ottesen, 1980). The classical clinical course in 
lymphatic filariasis is an initial active stage 
characterised by episodic bouts of adenolymphangitis 
followed in 10-15 years by chronic disease accompanied by 
obstructive lesions in the lymphatics {Partono, 1985). 
Epidemiological observations have suggested that people in 
an endemic regions slowly progress in this manner within 
the clinical spectrum (Nelson, 1979; Ottesen, 1980; 
Wakelin, 1984). However, in an endemic population 
elephantiasis occurs in a relatively small percentage of 
the population, primarily in the older, constantly exposed 
individuals (Piessens, 1981). In contrast, in previously 
unexposed individuals who emigrate into an endemic region, 
the progression of clinical disease is greatly accelerated 
with lymphatic disease occuring more rapidly and 
obstructive disease more frequently in all age groups
(Beaver, 1970; Mak, 1987; Partono and Purnamo, 1978;
Partono et al., 1978; WHO, 1967).
There are differences in the manifestation of clinical 
disease between brugian and bancroftian filariasis. In 
brugian filariasis, adenolymphangitis most frequently 
involves nodes and lymphatic vessels of the inguinal region 
but may also occur in the lymphatics of lower legs and 
feet. Infected lymph nodes may abcess and ulcerate but 
usually heal spontaneously within a few days (Dondero et 
al., 1971; Partono and Furnamo, 1978; Partono, 1987; 
Poynton and Hodgkin, 1938; Turner, 1959). Elephantiasis is 
characteristically located in the lower extremities below 
the knee or elbow. In most cases of brugian filariasis 
only the foot and distal third of the leg are involved 
leaving the normal outline of the knee preserved. 
Involvment of the genital region and chyluria have not been 
reported (Partono, 1985).
In bancroftian filariasis, lymphatics of the genitalia 
are frequently infected and hydrocoele is considered to be 
the most common manifestation in males. Patients with 
obstructive disease have grossly swollen extremities 
involving the whole arm or leg. Legs are more commonly 
involved. In females, breasts and genitalia are less 
commonly involved (Meyers et al. , 1976; Partono, 1985).
Pathology
Lymphadenitis and lymphangitis are characteristic of 
acute filariasis. Pathological lesions observed following 
the inflammatory episodes includes dilitation and
tortuosity of lymphatic vessels, thickening of vessel walls 
and loss of valvular function. Perivascular and vascular 
inflammatory infiltrates consist of lymphocytes, 
eosinophils, plasma cells and histiocytes. Granulomatous 
reactions have been observed both attached to vessel walls 
and free within vessel lumens. Cell types involved in 
these granulomatous reactions are primarily epitheloid
cells, eosinophils, plasma cells and occasionally giant
cells (Meyers et al, 1976). Post-inflammatory obstructive
changes in the lymphatics include obstruction of the lumen 
by thrombi, proliferation of fibroblasts, deposition of 
hyaline beneath the intima, fibromuscular alterations and 
excess fibrosis within and around vessels. There is a loss 
of contractility of vessel walls resulting in a decreased 
flow of lymph and a loss of protein-rich fluid through the 
lymphatic vessel walls (Casley-Smith, 1985; Olszewski, 
1985; Willoughby and DiRosa, 1970). Establishment of 
collateral circulation and recanalization of some of the 
obstructions are compensatory mechanisms of the host, but 
the excessive fibrosis may enhance contraction and 
obstruction of new collateral channels (Casley-Smith,
1985). Permanent blockage occurs when the ongoing 
processes finally exceed the ability of the host to 
compensate.
Immune_ResPonses in Filariasis
The spectrum of clinical filariasis among people with 
similar exposure is believed to reflect the diversity of
the immune responses of individuals to filarial antigens 
(Ottesen, 1984). There appears to be a continual spectrum 
of immune responsiveness among an endemic population with 
children and endemic "normals" the most responsive and 
asymptomatic microfilaremic individuals the least 
responsive to filarial antigens (Ottesen et al., 1977;
Piessens et al., 1980a, b) Within the different clinical 
syndromes there is a wide variation in nature and intensity 
of both cellular and humoral responses (Piessens et al, 
1987).
Filarial nematodes, in general, elicit strong antibody 
responses in man (Wilson, 1961; Wong and Guest, 1969). 
IgG, IgM and IgE immunoglobulins have been detected in most 
individuals with filarial infections (Hussain et al., 1981; 
Hussain and Ottesen, 1983; 1985; Ottesen et al., 1982;
Ottesen, 1984; Piessens and MacKenaie, 1982; Weiss et al.,
1982). The hypergammaglobulinemia observed in lymphatic 
filariasis consists of both parasite specific antibody and 
polyclonal nonspecific immunoglobulin (Ottesen, 1984; 
Piessens et al., 1987). Filarial antigen specific T-cell 
clones have been identified which provide a helper function 
in vitro for production of both polyclonal and parasite 
specific IgG, IgM and IgE (Nutman et al., 1985).
Conversely, a microfilarial derived low molecular weight T- 
cell mitogen has also been identified which non- 
specifically stimulates the B cell helper activity of T 
lymphocytes (Wadee and Piessens, 1986).
Except in those patients with tropical pulmonary 
eosinophilia, there is no allergic reactivity associated 
with the high levels of IgE (Ottesen, 1984). The parasite 
antigens recognised by IgE are also recognised by IgG^ 
(Hussain and Ottesen, 1985; Weiss et al., 1982). IgG
"blocking" antibodies that can modulate IgE activity have 
been identified (Ottesen, 1984). The levels of anti­
parasite antibody appear to increase as filarial disease 
becomes more severe (Maizels et al., 1983). Asymptomatic 
microfilaremic individuals have relatively low antibody 
titers whereas amicrofilaremic individuals with chronic 
obstructive disease have high titers (Maisels et al., 
1987). Many amicrofilaremic individuals develop high 
levels of circulating IgG specifically directed against the 
microfilarial surface (McGreevy et al., 1980; Piessens et 
al., 1980b; Subrahmanyam et al., 1978; Weiss and Tanner,
1979; Wong and Guest, 1969).
A hyporesponsive state specific for filarial antigens 
exists in individuals with patent infections which is most 
marked in the asymptomatic, microfilaremic individuals. 
The onset of patency is associated with a decrease in 
cellular responsiveness as demonstrated in vitro by 
diminished responsiveness of lymphocytes of both humans and 
experimental models to filarial antigen stimulation (Lammie 
and Kats, 1983; Mistry and Subrahmanyam, 1985; Ottesen et 
al., 1977; Piessens et al., 1980a, 1980b; Piessens et al., 
1987; Weller, 1978). Microfilaremic individuals have 
higher numbers of circulating T-suppressor cells and serum
suppressive factors {Piessens et al., 1980c; 1982b; Sim et 
al., 1984; Subrahmanyam et al., 1978). Adherent suppressor 
cells activated by parasite antigen have also been 
identified (Laramie and Kats, 1983; 1984). Conversely, a
state of parasite specific energy of both B and T
lymphocytes, independent of suppressor cell activity, has 
also been demonstrated in vitro with cells from
microfilaremic individuals (Nutman et al., 1987a; 1987b).
Immunosuppression in filariasis has been directly
associated with the presence of circulating microfilariae 
{Ottesen, 1984; Piessens and MacKensie, 1982). A high
molecular weight glycoprotein that is produced and secreted 
by living microfilaria In vivo and In vitro has been 
identified. This protein inhibits T-lymphocyte production 
of IL-2 {Wadee et al., 1987). Reports of suppressive 
factors in sera of microfilaremic individuals and the
identification of a microfilarial secretory protein with 
suppressive properties suggest that microfilaria may be the 
major source of immunosuppressive proteins. In a study
with jirds infected with £. malayi. however, the occurrence 
of immunosuppression prior to patency suggests that other
stages may also be capable of releasing immunosuppressive
proteins (Schrater and Piessens, 1982). Termination of the 
immunosuppressive state by removal of microfilariae with 
diethylcarbamaaine treatment has been associated with an 
increase in responsiveness to filarial antigens and a 
decrease in circulating T-suppressor cells {Piessens et
al., 1981). The increased immune responsiveness to 
filarial antigens has been implicated as a factor in the 
increased pathology observed (Partono, 1987). A similar 
phenomenon has also been observed in animal models with 
Brugia infections. A transient lymphedema is associated 
with the immune-mediated clearance of microfilaremia in the 
cat. These post-microfilaremic cats are resistant to 
reinfection and develop lymphedema in response to 
reinfection with Brutfia Lg (Denham et al., 1983). The
development of chronic lymphedema in the dog and ferret is 
also associated with the amicrofilaremic state (Crandall et 
al., 1987; Hammerberg, 1985).
EILAR1AL ANTIGEMS 
The availability of technology such as western
blotting, surface labeling techniques and antigen trapping 
enzyme immunosorbent assays (ELISAs) has focused attention 
upon the definition of individual antigenic determinants of 
the surface, somatic, in vitro released (excretory- 
secretory) and circulating antigens of the filarial 
nematodes. These current studies are attempting to define 
parasite antigens relevant to parasite survival and host 
resistance, to diagnosis of active infection in a non- 
patent or amicrofilaremic host, to clinical status of the 
host and to development of lesions (Lutch et al., 1988; 
Maisels et al., 1985a, b, 1987b; Philipp and Rumjaneck,
1984). Identification of relevant species or stage-
specific antigens in the filarial nematodes has been
complicated by the extensive cross-reactivity between the 
different filarial species {Dissanayake and Ismail, 1980; 
Maisels et al., 1983a, 1987b; Selkirk et al., 1986; Spencer 
et al., 1981).
Surface Antigens
There appears to be a restricted profile of surface 
antigens among the lymphatic filarial nematodes. The major 
proteins identified on the surface of the Brugia spp. are 
homologous and are cross-reactive not only between species 
but between life cycle stages within each species (Maisels 
et al., 1982; 1983a; 1985b; Philipp et al., 1986). The
molecular weight of the three major surface proteins in 
all Brugia species are 15 kD, 20 kD, and 29 kD. There are 
also two minor proteins with molecular weights of 17 kD and 
50 kD. The 29 kD and 50 kD proteins are also major 
surface proteins of fj. bancrofti {Kaushal et al., 1982; 
Maisels et al., 1983a; Philipp et al., 1986; Sutanto et 
al., 1975). The 29 kD protein has been identified as a 
glycoprotein in £. pahangj but its surface localisation has 
not been conclusively demonstrated (Devaney, 1987; 1988).
The 29 kD protein has been demonstrated to show homology
via peptide mapping with a 30 kD protein identified in
Brugia in vitro released antigens (Devaney, 1988). Other
proteins identified as doublets with molecular weights of 
60-70 kD, 100-110 Kd and 160 kD are considered to be major 
structural components of the cuticle of Brugia spp. 
because of their collagen content (Selkirk et al., 1986).
S. bancrofti surface antigens identified by radiolabeling 
include 15 kD, 20 kD and 29 kD proteins seen on the Brugia 
spp. and three additional proteins of molecular weight 50 
kD, 58 kD and 67 kD {Morgan et al., 1986). The affinity of 
cross-reacting antibody for the 15 kD and 20 kD proteins of 
Wuchereria and Bryffia is not identical. The Brugia 
proteins are equally recognised by sera from individuals 
with Brugia infection and individuals with Wuchereria 
infections. However, the Wuchereria proteins are only 
weakly recognised by sera from individuals with Brugia 
infections (Maisels et al., 1985b, 1986; Morgan et al.,
1986). The 20 kD protein is recognised also by sera from
individuals with Onchocerca volvulus infections (Selkirk et 
al., 1986).
Antigens have been identified on the surface of 
Lg and on the microfilarial sheath of both Brugia and
Wuchereria (Maisels et al., 1983a; 1986; 1987; Philipp et
al., 1986; Selkirk, 1986). Results between investigators
have varied with regard to molecular weights, but in 
general, B. malayi and B. pahangj microfilariae have major 
surface antigens located on the sheath with approximate
molecular weights of 25 kD, 35 kD, 40 kD, 110 kD and a 
characteristic triplet of proteins with molecular weights 
of 65 kD, 70 kD and 75 kD. The triplet is strongly 
recognised by sera from microf ilaremic individuals with 13. 
bancrofti, B- timori. B. malayi. and B- pahangj infections 
(Maisels et al., 1986; 1987). Demonstrable levels of
antimicrofilarial sheath antibodies have been observed in
individuals across the clinical spectrum in filariasis (Das 
et al., 1987). The 17 kD major surface antigen of Jf. 
bancrofti microfilariae is shared by the Lg stage and is 
recognised by both H. bancrofti and Brugia sera (Maizels et 
al., 1986). Surface antigens of bancrofti are also 
recognised by non-lymphatic filarial parasites 
(Dissanayake et al., 1980). The dominant surface antigens
of Brugia Lg do not have the same molecular weight as the 
microfilarial surface proteins, but there is extensive 
cross-reactivity with stage specific antisera which 
indicates shared epitopes between the surface antigens of 
each stage (Maisels et al., 1983a; Philipp et al., 1986).
The cuticle of B- pahangj L4 and adults appears to be 
a relatively stable structure with very limited capacity 
for turnover of surface components during the course of 
infection. In contrast, the surface of the Lg stage 
appears to be capable of shedding surface determinants or 
surface bound antibody (Marshall and Howells, 1986). It 
has been demonstrated that the Lg stage of B. malayi loses 
a significant portion of a surface epitope within hours 
after infection of a mammalian host. After several days 
post infection, this surface epitope is no longer expressed 
(Carlow et al., 1987).
There appears to be a "maturation" or age modulation 
of the antigenic determinants on the surface of 
microfilariae in carbohydrate content of the sheath. 
Microfilariae in utero demonstrate a greater heterogeneity
of surface carbohydrates compared to microfilariae
released in vivo as demonstrated by lectin binding (Furman 
and Ash, 1983). Microfilariae which have been released in 
vivo must also undergo a maturation period of at least 14 
days before significant ability to penetrate the mosquito
midgut and infect the vector develops (Furhman and
Piessens, 1985; Furhman et al., 1987).
Somatic Antigens
Soluble somatic extracts of filarial parasites are 
antigenically complex and contain many proteins which are 
also found in parasite excretory-secretory antigen
preparations (Kaushal et al., 1984; Lai and Ottesen, 1988; 
Morgan et al., 1986; Philipp et al., 1986), There is 
usually a great variation in somatic antigen recognition, 
especially in adult parasite extracts, by individuals with 
lymphatic filariasis. However, discrete antigen
recognition patterns among different clinical groups have 
been demonstrated via immunoblot analysis. In general, 
individuals with chronic pathology recognise many more 
antigens than microfilaremic individuals (Hussain and 
Ottesen, 1985; Snowden and Hammerberg, 1987)
Excretory-Secretory/In Vitro Released Antigens
Lg IVR antigens range in molecular sise from 13 kD to 
90 kD. The major component of IVR antigens for both Lg and 
microfilariae is a 17 kD protein which is associated with 
the surface of both stages. Sera from infected individuals 
recognises the 17 kD, 21 kD and 51 kD proteins. The 17 kD
and 51 kD proteins are cross-reactive with sera from 
individuals with infections with non-lymphatic filarial 
nematodes (Maisels et al., 1986). IVR proteins are produced
by adult females in very small amounts. Proteins with
molecular weights of 52 kD, 77 kD, 91 kD and 200 kD have
been reported (Morgan et al., 1986).
The molecular weights of IVR proteins identified from 
E- pahangj adults via radiolabeling and SDS-PAGE were 15 
kD, 29 kD and 40 kD (Kaushal et al., 1982, 1984). The 15
kD and 29 kD proteins are surface associated and are 
recognised by sera from individuals with Wuchereria and 
Brutfia infections (Maisels et al., 1985a).
Circulating Antigens/Antigen-Antibody Complexes
Parasite antigenemia has been demonstrated in humans 
and animals with lymphatic filariasis (Au et al, 1981; 
Canlas and Piessens, 1984; Dasgupta, et al., 1984; Desowitz 
et al., 1978; Paranjape et al., 1986; Weil et al., 1986,
1987). It was first reported in bancroftian filariasis by 
Franks (1946). A 200 kD circulating antigen has been 
identified in humans via affinity chromatography and 
immunoblot methods (Weil et al., 1986, 1987). One epitope 
expressed by this protein reacts with a monoclonal antibody 
that cannot be inhibited by the addition of 
phosphorylcholine. This epitope is expressed primarily in 
the reproductive organs of female Dirofilaria immitis 
suggesting that this 200 kD protein is released by female 
parasites and that female filarial nematodes are the
primary source of this protein (Weil et al., 1986). This
antigen has also been the most frequently identified in 
circulating immune complexes in patients with bancroftian 
filariasis (Lunde et al., 1988).
Filarial antigens have also been detected in the urine 
of symptomatic and asymptomatic individuals with lymphatic 
filariasis. Results indicate that individuals with no 
detectable levels of antigenemia have detectable levels of 
antigen in their urine (Lutsch et al., 1988).
Phosphorylcholine-bearing Antigens
Among filarial antigens, cross-reactive epitopes 
predominate as evidenced by the significant cross-stage and 
cross-species reactivity observed. In filariae,
phosphorylcholine is the immunodominant cross-reacting 
epitope and is found on many proteins (Gualsata et al., 
1986; Maisels et al., 1987a). This epitope is widely
distributed among many diverse organisms including non- 
filarial nematodes (Pery et al., 1974; Sugane and Oshima,
1983). Many of the monoclonal antibodies, such as Bp-1
or Gib-13, produced in response to filarial antigens 
recognize the phosphorylcholine epitope (Morgan et al.,
1986). Phosphorylcholine bearing molecules have been found 
in soluble somatic extracts of adult female Jj. bancrofti 
and in soluble somatic extracts of all of the life cycle 
stages of £. pahangi and £. malayi. Only adult Brugia 
in vitro released antigens have been found to express this 
epitope, however (Maisels et al., 1987a). In female worms,
molecules bearing the epitope are localised primarily in 
the egg-bearing regions and in the pseudocoelomic cavity 
and inner cuticle in the male (Wenger et al., 1988). The 
200 kD circulating antigen of ff. bancrofti also expresses a 
phosphorylcholine epitope (Lunde et al., 1988; Weil et al.,
1987), The molecular weights of the parasite epitope- 
bearing proteins vary from 25 kD - 200 kD. A 90 kD antigen 
is recognised by sera from cattle with Q, gibsoni 
infection, humans with bancroftian filariasis and jirds 
with B- pahangj or B. malayi infections. In jirds infected 
with £. malayi, there appears to be a direct positive 
correlation between circulating levels of antigen bearing 
the phosphorylcholine epitope and female adult worm burden 
(Wenger et al., 1988).
ANIMAL MODELS
There is a lack of information about the dynamics of 
parasitism in human lymphatic filariasis, information which 
could only be obtained by detailed postmortem examination. 
In addition, there is little information on the change in 
parasitological status over the course of infection or the 
relationship of parasite burden to clinical signs. Little 
is known about the pathogenesis of acute or chronic 
filariasis or the role of the parasite in that pathogenesis 
(Denham and Fletcher, 1987). Use of animal models in the 
study of human filariasis allows the manipulation and 
evaluation of parasitological events, pathological events
and the host's response during each stage or phase of 
infection.
There are several animal models that currently are 
being used to study the pathogenesis of human filariasis: 
the cat - Brugia spp. model (Denham et al,, 1972; Denham
and Fletcher, 1987; Ewert and False, 1984), the dog - 
Brugia spp. model (Schacher and Sayhoun, 1967; Schacher 
and Sulahian, 1972), the ferret - Brugia malayi model 
(Campbell et al., 1979; Crandall et al., 1982), the leaf
Monkey - Wuohereria bancrofti model (Palmieri et al.,
1985), the nude mouse - Brugia malayi model (Vickery et 
al., 1985) and the mongolian jird - Brugia spp. model (Ah 
and Thompson, 1973; Ash and Riley, 1970; Ash, 1973). In 
each model full development of the human filarial parasites 
has been achieved, and each model exhibits some of the 
gross and/or histopathological changes observed in human 
lymphatic filariasis.
.Cat - Brdgia..Model
The cat is a natural host for £. nahangi and is 
susceptible to £. malayi (Suswillo et al., 1982). In £. 
malayi endemic areas, infection rates in cats often 
parallel those found in man (Laing et al., 1960; Lim and 
Mak, 1978; Mak et al., 1980). Cats experimentally infected 
subcutaneously with Brugia spp. can develop lymphadenitis, 
lymphangitis, granulomatous thrombo-lymphangitis and 
lymphangiectasis with tortuosity and fibrosis of the 
lymphatic vessels in the infected limb (Ewert, 1985; Rogers
and Denham, 1974; Rogers et al., 1975). Pathological 
changes in the infected lymphatics have been studied via 
lymphography and correlated with gross findings (Ewert et 
al., 1972; Ewert, 1985; Rogers and Denham, 1974), These
lesions are similar to those observed in man. Cats can 
develop an elephantoid condition in an affected limb which 
can persist for several months, but cats do not develop the 
subcutaneous fibrosis seen in man that leads to 
irreversible elephantiasis {Denham and Fletcher, 1987). 
Most repeatedly infected cats develop anti-microfilarial 
antibodies. These cats become amicrofilaremic, clear the 
infection and become resistant to reinfection (Denham et 
al., 1972b, 1983). Cats exhibit a transient lymphedema
upon clearance of the microfilaria and upon reinoculation 
of Lg . Many cats that maintain a high level of circulating 
microfilariae with repeated infection do not show clinical 
disease (Denham and Fletcher, 1987).
Researchers have found no relationship in this model 
between antibody levels and numbers of worms recovered at 
necropsy (Au et al., 1982). Amicrofilaremic cats have 
higher anti-parasite antibody levels than microfilaremic 
cats but there does not appear to be any significant 
differences in antibody recognition of surface proteins 
between the two groups. No relationship between antibody 
response to surface antigen and outcome of clinical disease 
has been found (Denham and Fletcher, 1987). However, there 
is a difference between amicrofilaremic cats and 
microfilaremic cats in the recognition of Brugia somatic
antigen which appears to correlate with the outcome of 
infection. Amicrofilaremic cats recognise protein bands 
that are not recognized by microfilaremic cats. These 
include the 67 kD, 64 kD and 61 kD protein bands of 
microfilariae, the 34 kD, 18 kD, 16 kD, 13 kD and 11.5 kD 
protein bands of adult males and a 22 kD protein band and 
an 18.5 kD protein band of LPV3PV. The 22 kD band is 
recognised prior to microfilarial clearance (Denham and 
Fletcher, 1987; Fletcher et al., 1986).
The oat-Brugia model mimics responses of humans in 
endemic areas of filariasis. There is an association 
between amicrofilaremia and the development of lymphedema 
in this model (Denham and Fletcher, 1987; WHO, 1985).
Dog - Brugia Model
The dog is a natural host for £. pahangi and is 
susceptible to ]3. malayi. The clinical signs and 
pathological lesions associated with both species of 
parasites are similar to those observed in the cat, but it 
had been reported that the histological response is more 
rapid and intense in the dog (Schacher and Sulahian, 1972). 
The onset of gross changes in the infected lymphatics 
roughly parallel significant events in the life cycle of 
the parasite (Schacher and Sahyoun, 1967; Schacher et al., 
1973). In studies of the dog with pahangi infection, a 
wide range of clinical manifestations have been observed in 
response to reinfection which are similar to those observed 
in the spectrum of clinical filariasis in man: 1)
asymptomatic, amicrofilaremic, 2) asymptomatic,
microfilaremic; 3) acute short duration node enlargement 
and/or leg edema with microfilaremia and 4) amicrofilaremic 
with chronic leg edema (Hammerberg, 1985; Snowden and 
Hammerberg, 1987).
Serological responses observed in this model are also 
similar to those observed with infected human sera. 
Araicrofilaremic dogs have higher antibody titers than 
microfilaremic dogs. Brugia antigens recognised by IgE 
are also recognised by IgG. In this model there appears to 
be both qualitative and quantitative changes in antibody 
response to various Brugia antigens over time and with 
reinfection (Snowden and Hammerberg, 1987).
Ferret - B... malayi Model
The ferret is susceptible to Brugia malayi and a 
marked eosinophilia develops at the onset of patency 
(Crandall et al., 1982). Multiple subcutaneous infections 
in the leg produce a marked disruption of lymphatic 
drainage. The histopathological changes in the dilated 
lymphatics are similar to what is observed in man (Crandall 
et al., 1984). Amicrofilaremic ferrets develop a 
persistent lymphedema of paw and lower leg in the infected 
limb. A cessation of the hypereosinophilia is associated 
with the onset of amicrofilaremia (Crandall et al., 1987). 
The ferret - £. malavi model is one of the more recently 
described models for human filariasis and may be useful for 
the study of the pathogenesis of obstructive lymphangitis,
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lymphedema and elephantitis (WHO, 1985).
Leaf Monkey (Presbytis)- Wuchereria Model
The leaf monkey, a langur, is the natural host for 
kalamanti and is susceptible to S. banorofti. The lymphatic 
lesions observed in this model are similar to those in man 
(Palmieri et al., 1983; WHO, 1985). This is the only fully 
susceptible animal model available for the study of 
bancroftian filariasis. Advantages of this model include 
the anatomical, physiological and biochemical similarities 
and the "evolutionary kinship" between nonhuman primates 
and man (Palmieri et al., 1983). The expense of working 
with nonhuman primates along with the difficulties of 
exportation of this specific primate species may limit 
usage of this model to those areas of the world where the 
leaf monkey is indigenous (WHO, 1985).
Nude Mouse - B. malayi Model
Normal mice exhibit a natural immune-mediated 
resistance to Brugia spp. and iJ. bancrofti (Vickery et 
al., 1982). The congenitally athymic nude mouse is an 
atypical T-lymphocyte immunodeficient animal which is 
resistant to Wuchereria but is highly susceptible to the 
Brugia spp. and develops long lasting infections with each 
(Philipp et al., 1984; Vincent et al., 1982a,b). Infection 
results in lymphatic dilitation without blockage, some 
perivascular fibrosis and a small poorly-organised foreign
body type of granulomatous response in the lymphatics
consisting of macrophages and giant cells with no
eosinophils {Vincent et al, 1984). £. malayi has proven to
be far more pathogenic in the nude mouse, inducing a much 
greater degree of lymphatic response than £. pahangi. 
Animals infected with B. malavi develop large- varicosities 
of the lymphatics and a persistent high protein lymphedema 
resulting in an elephantoid appearance in the infected 
hindlimb. Skin changes similar to those observed in 
chronic obstructive filariasis have also been observed. 
Removal of adult parasites leads to a reversal of the
lymphatic lesions (Vickery et al., 1985). Lymph fluid from
these animals elicits antibody responses when injected into 
syngenic heterologous "normal" mice. Reconstitution of 
nude mice with cells from syngenic normal mice results in 
episodes of adenolymphadenitis followed by termination of 
the infection and resolution of the lesions (Vickery and 
Vincent, 1983).
Although the nude mouse - £. malavi model cannot be 
accepted as a "literal" model of lymphatic filariasis, it 
may be useful in studying the dynamics of the parasite and 
its metabolic products on the development of some of the 
lymphatic lesions. It may also be a source of in vivo- 
produced parasite products unaffected by immune responses 
of the host (WHO, 1985).
MongoIian Ji rd - Brugia.Mode1
The jird - Brugia model is an accepted experimental
model for the study of lymphatic filariasis. The jird is 
susceptible to the Brugia spp. that infect man. Brugia
spp. consistently infect the lympatics resulting in lesions 
similar to those observed in human filariasis (Ah and
Thompson, 1973; Philipp et al., 1984). Jirds infected with 
viable Lg do not develop resistance to reinfection or 
become amicrofilaremic. Instead, preexisting infections 
appear to increase the susceptibility of jirds to further 
subcutaneous infections (Klei et al., 1980). The cellular
unresponsiveness specific for filarial parasite antigens 
that has been observed in humans has also been demonstrated 
in this model (Klei et al., 1981, 1989; Lammie and Katz, 
1983a, b). However, presensitization of the jird with
parasite antigens prior to infection with B. pahangi
results in exacerbation of the intralymphatic granulomatous 
responses (Klei et al., 1982).
A disadvantage of this model has been the lack of a 
complete immunological characterization of the jird 
(Philipp et al., 1984). However, this model allows the
quantitation of lesions produced and comparison of parasite 
burden, immune reactions and lesions. In addition, the 
kinetics of the intralymphatic granulomatous inflammatory 
response to Brugia infection have now been defined for this 
model (Klei et al., 1988; 1989) and the experimental
results in this model support the theory that the Immune 
responses of the host are involved in the pathogenesis of 
lymphatic filariasis.
Other rodent -Brugia models which have been used
in the study of human lymphatic filariasis include golden 
hamsters, nude rats, multimmate rats and cotton rats 
(Malone et al., 1974; Philipp et al., 1984).
No one currently available animal model adequately 
mimics all phases of human lymphatic filariasis. Each of 
the currently accepted models has certain advantages that 
make it feasible for the investigation of some of the 
aspects of human filariasis such as pathogenesis of acute 
disease, lesion formation and regulation, identification of 
parasite factors involved in lesion formation, pathogenesis 
of chronic obstructive disease, pathogenesis of lymphedema 
and identification of chemotheraputic actions.
DISSERTATION CHAPTERS
In lymphatic filariasis the relevance of specific 
parasite antigens has not been experimentally defined and 
information on parasite antigen specific immune responses 
are limited. The present series of chapters report on 
attempts to immunologically characterize the jird-£. 
pahangi model by identifying specific parasite components 
which are temporally recognised by the jirds, and/or which 
correlate with specific host-parasite interactive events.
Chapter one addresses the identification using 
indirect fluorescent antibody techniques of structures in 
the different life cycle stages of B. pahangi that elicit 
antibody responses in jirds during the course of an 
infection. Structures that may be recognised as antigenic 
at different times during infection would indicate the
possibility of stage-specific antigens and/or organ 
specific antigens. Identification of the specific 
structures involved would identify the morphological 
location of the molecules involved.
Chapter two addresses the identification, using 
western blotting methodology, of antigens of soluble 
somatic extracts of adult g. pahangi that elicit antibody 
responses in jirds during the course of infection designed 
to mimic that observed in man with both repeated and single 
exposure to parasites. Specific antigen recognition will 
be correlated with time-course of infection, total parasite 
recovery, levels of circulating microfilariae, numbers of 
lymphatic lesions and antibody titers.
Chapter three addresses the further purification of 
antigens in the soluble somatic extracts of adult g. 
pahangi via affinity chromatography and high pressure 
liquid chromatography and identification of those antigens 
that elicit granulomatous/inflammatory responses in jirds 
in vivo. These results will be correlated with cellular 
responses induced with the antigens in vitro via lymphocyte 
blastogenesis assays.
CHAPTER 1
DEMONSTRATION OF ANTIBODY TO DIFFERENT LIFE CYCLE STAGES 
AND ORGANS OF BRUGIA PAHANGI IN INFECTED JIRDS 
BY INDIRECT FLUORESCENT ANTIBODY ASSAY
Rita G. Farrar, T. R. Klei and S. U. Coleman
To Be Submitted to The Journal of Parasitology
ABSTRACT: Following single and multiple infections of jirds 
with Brygia pahangi, antibody reactivity against 
developmental stages and organs of the parasite was 
determined using an indirect fluorescent antibody 
technique. The duration of infection in these jirds ranged 
from 19 to 188 days. Serum samples were obtained from these 
animals at necropsy. Sequential serum samples were also 
obtained from singly and multiply inoculated jirds at 
approximately 30 day intervals. Parasite stages examined 
included unfixed whole and fixed sections of adults, fourth 
stage larvae < , third stage larvae ( )  and
microfilariae. Antibody recognising all stages was present 
in all serum samples. In the adult parasites, antibody 
reacted with tissues of the uterus and seminal receptacle 
in the female and the testis, seminal vesicle and 
psuedocoelomic lining in the male. The jird antibody 
responses to the adult female parasite tissues were removed 
by the absorption of the jird sera with JJ. pahangi soluble 
somatic antigen-coupled cyanogen-bromide activated 
sepharose 4B beads. The outer surface of eggs released 
from ruptured uteri in whole female parasites were 
recognized as antigenic by serum from jirds with infections 
of 150 days duration, but eggs released by females In vitro 
or in vivo {intraperitoneally) were not recognised. The 
lining of the pseudocoelomic cavity was the only consistent 
antigenic site in and Lg recognized by antibodies in 
jird sera. Only the internal structures of microfilariae
were recognized by antibody. The cuticle was not 
recognized as antigenic on any life cycle stage by any of 
the jird sera tested. Temporal occurrence of stage or
organ specific antibody was not observed. Similarily, 
differences between antibody reaction sites and parasite 
burden were not observed.
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The jird (Meriones unguiculatus) infected with Brugia 
pahangi has been demonstrated to be a useful model for 
studies on the pathogenesis of lymphatic lesions associated 
with filariae (Klei et al., 1981; 1982; 1988; 1989). It
has also proven useful in studies on immunoregulation of 
cellular responses (Lammie and Katz,1983a; b). Antibody
titers of jirds to crude somatic antigens of £. pahangi or 
g. malayi have indicated that antibody levels rise early 
during infection, peaking at approximately 60 days post 
inoculation (PI) and remaining relatively constant during 
the course of infection. Unlike the granulomatous
inflammatory response, down regulation of the antibody 
response has not been reported in the jird (Klei et al., 
1988, 1989). However, little is known regarding antibody
specificity of the responses of the jird to antigens other 
than mixtures of soluble worm extracts in this model.
The purpose of this study was to identify, using an 
indirect fluorescent antibody technique, antigenic 
developmental stages and/or organs of B. pahangi recognized 
by antibody in infected jirds. Sera were obtained from 
jirds with single and multiple infections of durations 
varying from 19-188 days PI. Further, attempts were made 
to relate antibody recognition of these antigens to levels 
of infection, course of infection and/or severity of 
lesions seen.
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MATERIALS AND METHODS
Media
RPMI-1640 (GIBCO), pH 7.4, buffered with sodium
bicarbonate and 25mM HEPES was used in the harvesting of 
third stage infective larvae (Lg) from the mosquito, in the 
in vitro culture of adult Brugia pahangi to obtain 
microfilariae and in the peritoneal lavage of infected 
jirds to obtain microfilariae, Lg or fourth stage larvae
(L^). Earle's balanced salt solution (BSS) was prepared
phosphate-free at two concentrations of calcium chloride, 
0.02M. and 0.002 M, to be used in the exsheathing procedure 
for microfilariae. Antibiotics were added to all media in 
a final concentration of 100 I.U./ ml potassium penicillin 
and 100 ug/ml dihydrostreptomycin. All media were
sterilised by filtration through a 0.2 um millipore filter 
unit (Nalgene) and stored at 4°C until use. Phosphate 
buffered saline (PBS), 0.15 M, pH 7.5, was used as diluent 
and rinse solution where .stipulated. Buffered glycerol 
was prepared by diluting glycerol 9:1 with 0.2 M sodium 
phosphate, pH 9.0.
Parasites
Lg: Lg of B- pahangi were obtained from Aedes egypti
mosquitos which had been fed a blood meal on a 
microfilaremic jird two weeks prior to the harvest of the 
Lg. The infected mosquitos were crushed in RPMI-1640 and 
the Lg recovered by gravity filtration through a Baermann
apparatus. These Lg were designated L3 - vector derived 
(Lg-V). Lg stages obtained from the jird were designated 
Lg - host derived (Lg-IP). Naive female jirds were each 
inoculated with 200 Lg. The Lg were recovered three days 
PI by peritoneal lavage.
L^: L^ larvae were obtained 18-20 days PI from jirds
that had been infected intraperitoneally with 200 Lg each. 
The L^ were harvested by peritoneal lavage.
Adults: Adult male and female B- pahangi were
obtained at 60 days PI from jirds infected 
intraperitoneally with 200 Lg each. Adult parasites were 
separated by sex. All parasites were washed four times 
with PBS. Whole, intact Lg, L^ and adults were placed in 
PBS and used the same day they were harvested.
Microfilariae: Microfilariae were obtained from in
vitro cultures, intraperitoneal lavage fluids from jirds 
with intraperitoneal infections and peripheral blood from 
subcutaneously infected jirds with infections ranging from 
80-120 days duration. Adult B- pahangi were cultured in 
RPMI-1640 at 37°C in 5% C0g. Culture fluid containing both 
microfilariae and released eggs were obtained every day for 
three days. The fluid was pooled and centrifuged at 500 g 
for 10 minutes. The pellet containing microfilariae and 
eggs was resuspended in RPMI and washed three times with 
fresh RPMI.
Microfilariae were obtained from jirds with 70-90 days 
PI intraperitoneal infections by intraperitoneal lavage 
with RPMI-1640. The microfilariae were separated from
cells in the lavage fluid by passage of the fluid through 
an 8 um nucleopore filter (Gelman Scientific, Ann Arbor, 
Mich.). The microfilariae were removed from the filter 
surface by washing the filter into a petri dish with RPMI- 
1640.
Blood was obtained from jirds with microfilaremia via 
retro-orbital bleeding or heart puncture. The blood was 
defibrinated with glass beads, diluted with equal volumes 
of RPMI-1640 and subjected to density gradient 
centrifugation over Percoll (Pharmacia) (Chandrashekar et. 
al, 1984). The percoll was diluted to a 90% solution with 
2.5 M sucrose. Dilutions of the 90% percoll were made with 
0.25 M sucrose to obtain 32% and 28% percoll solutions. In 
a centrifuge tube, 2.0 ml of 28% percoll was layered over
2.0 ml of 32% percoll. In the tube, 0,5 ml of the 
defibrinated, diluted jird blood was layered on top of the 
percoll layers. The mixture was centrifuged at 500 g for 
30 minutes at 20°C. The layers were collected separately 
and examined for microfilariae. The microfilariae were 
washed free of percoll with cold PBS via centrifugation and 
resuspended in RPMI-1640.
Serum Sources
Jird sera: Individual jird serum was collected at
necropsy from male jirds which had received single or 
multiple (eight) subcutaneous infections with 50 £ -pahangi 
Lg each as previously described (Klei et al., 1989).
Details of the experimental design are shown in Table I.
Briefly, 144 jirds were divided into groups of 12 jirds 
each. Infections varied from 19-188 days PI. Sequential 
serum samples were collected at 27, 54, 84, 110 and 138
days PI in two groups of jirds which had received one
(Group IV) and eight (Group I) inoculations respectively. 
Individual necropsy serum samples from each of the twelve 
groups were pooled by group for use in the indirect
fluorescent antibody test (IFAT). Sequential serum 
samples were also pooled by date of collection per group. 
Each animal was characterised by the results obtained from 
a complete necropsy which recorded number of parasites 
recovered, level of microfilaremia, antibody titer, 
pulmonary granulomatous inflammatory reactions to £. 
pahangi antigen coated beads, numbers of lymphatic lesions, 
duration of infection and numbers of Lg inoculated. These 
results are reported elsewhere (Klei et al., 1989).
Pooled serum samples were also obtained from jirds that 
three weeks earlier had received only intravenous 
inoculations of intraperitoneally derived microfilariae 
(Mf-only sera). Pooled serum samples were also obtained 
from jirds with infections of 70 days duration and 150 days 
duration that were not part of the multiple infection 
study. Serum from normal, non-infected jirds (NBJ) which 
had been screened via Western Blot for non-reactivity to £. 
pahangi soluble antigens was used as a negative control 
serum.
Jird IgG: Serum was obtained from normal, uninfected
10 week old male jirds, pooled and the immunoglobulins 
salted out three times in 70% saturated ammonium sulfate. 
The jird IgG was purified by affinity chromatography using 
a protein-A sepharose column. The non-bound protein was 
eluted with 0.1M PBS, pH 7.5. The adherent globulin was 
then eluted from the column with 0.1M glycine-HCl, pH 2.8, 
and determined to be IgG by immunoelectrophoresis using 
rabbit anti-jird sera.
Immunoelectrophoresis: glass slides were coated with
1.0% agarose in barbital buffer, pH 8.6, and allowed to 
harden. Wells and troughs were cut into the agarose. 
Normal jird sera and jird IgG preparations were placed into 
wells for electrophoresis. The slide was electrophoresed 
at 100 V for 2-3 hours at 4°C. When electrophoresis was 
completed, rabbit anti-jird serum was added to the troughs. 
The control for non-specific reactivity was normal rabbit 
serum.
Rabbit anti-.iird IgG: Adult New Zealand White rabbits
were screened prior to immunisation for nonspecific 
reactivity with g. pahangi soluble somatic extract of adult 
parasites using Western blot techniques. Hyperimmune 
rabbit antiserum was then prepared against jird IgG by 
immunising the negative rabbits three times at 10-day 
intervals with 0.3 ml of jird IgG at a concentration of 8.5 
mg/ml. For the initial inoculation, the IgG was emulsified 
in Freund’s complete adjuvant and injected subcutaneously 
in four locations. For the second injection, the IgG was 
emulsified in Freund’s incomplete adjuvant and inoculated
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subcutaneously. The final injection was an aqueous
solution of IgG without adjuvant which was inoculated 
intradermally in numerous locations. Serum collection began 
14 days after the final inoculation of antigen. The rabbit 
antiserum was examined for specificity to jird IgG via 
immunoelectrophoresis.
Immunoelectrophoresis: Glass slides were prepared
as described above. Normal jird serum was placed into 
wells and the slides were electrophoresed at 100 V for 2-3 
hours at 4°C. When electrophoresis was completed, the 
rabbit anti-jird IgG preparation was added to the trough. 
A control for non-specific reactivity was normal rabbit 
serum.
Rabbit anti-B. pahangi: Polyvalent hyperimmune
rabbit antiserum was prepared against adult B. pahangi by 
immunising two adult New Zealand white rabbits with 0.5 -
1.0 mg of B. pahangi SSE following the immunisation 
protocol outlined above.
Goat anti-rabbit IgG: Goat anti-rabbit IgG antiserum
conjugated to fluorescein isothiocyanate (FITC) was 
obtained commercially (Kirkegaard and Perry Laboratories, 
Gaithersburg, Md.)
Exsheathment of microfilaria:
After collection and washing, the microfilariae to be 
exsheathed were resuspended in 20 mM calcium chloride in 
phosphate-free Earle's BSS. The microfilariae were 
incubated for 1 hour at 37°C (Devaney and Howells, 1979).
The exsheathed microfilariae were rinsed by centrifugation 
three times and resuspended in phosphate-free Earle's BSS 
with 2.0 mM calcium chloride.
H istological sections of Parasites
Lg, and adult parasites that were to be imbedded in 
plastic for sectioning were placed into a fixative 
consisting of 3% paraformaldehyde, 2.5% gluteraldehyde and 
0.025% calcium chloride in 0.1 M cacodylate buffer, pH 7.4. 
After 24-36 hours at 4°C, the parasites were removed from 
the fixative, rinsed with PBS, pH 7.5, and placed into an 
infiltration medium (Histo-resin, LKB-Produkter AB, Bromma, 
Sweden) for 24 hours at 4° C. The parasites were then 
embedded with historesin to which a polymerising catalyst 
had been added. The molds containing parasites were 
allowed to polymerise at room temperature for 2-3 hours. 
6 um sections of the historesin-embedded parasites were 
placed in duplicate on slides. Blocks of tissue and 
sections were stored at 4°C until used.
Indirect Fluorescent Antibody Technique
The technique used was similar to that described by 
Ponnudurai et. al, 1974. Serum dilutions used in the IFAT, 
unless otherwise stated, were 1:64 for jird serum, 1:100 
for rabbit anti-jird IgG, 1:64 for rabbit anti-E. pahangi. 
and 1:80 for goat anti-rabbit IgG. All dilutions were made 
with PBS. The goat antiserum was diluted in PBS containing 
0.25% Evan's blue dye as a counterstain. Each slide 
contained duplicate sections of a single parasite life
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cycle stage. The parasites sectioned were adult female, 
adult male, L^, Lg-IP, or Lg-V. One slide was used for
each jird serum sample. A total volume of 50 ul of serum
was used per section. Rabbit anti-B. pahangi serum was 
used as a positive control and NBJ serum was used as a 
negative control.
Nonspecific reactivity of normal jird sera and the 
goat serum conjugate were prevented by incubating the 
sections of parasites in nonfat dry milk prior to the 
incubation with test serum in the IFAT. Briefly, 
parasite sections were exposed initially to 5% nonfat dry 
milk in PBS with 0.001% Tween 20 for 5 minutes at 37°C.
The slides were rinsed with a stream of cold PBS, placed in 
a tray and rinsed twice with gentle agitation in PBS for
five minutes each time. The slides were then incubated in
humidity chambers with 3% normal goat serum for 5-10
minutes at 37 C. The rinsing steps were repeated. The 
incubation period was extended to 15 minutes for the jird 
sera, and the rinse periods extended to 7.5 minutes each.
The incubation and rinse steps were repeated for the rabbit 
anti-jird and goat anti-rabbit sera conjugated to FITC. 
After the final rinse, the sections were mounted under a 
coverslip with 90% buffered glycerol and examined with a 
Zeiss ultraviolet microscope equipped with an epi- 
fluorescent illuminator and BP filters 450-490 and 520-590 
nm and a 510 nm dichroic reflector {Carl Zeiss, Inc., 
Thornwood, N.Y.).
Unfixed, intact parasites were also examined. Whole, 
viable sheathed and exsheathed microfilariae, adults of 
each sex, L4, Lg-IP and Lg-V were placed in microcentrifuge 
tubes in 100 ul of PBS. A volume of 200 ul of 3% normal 
goat serum was added and the tubes incubated on a rocker 
platform at 37°C for 5-10 minutes. The tubes were 
centrifuged for 3 minutes on an Eppendorf raicrocentrifuge 
(Brinkmann Instruments, Westbury, N. Y.) at 15,0000 g. 
Approximately 200 ul of of supernatant were removed and 
400 ul of PBS added. The parasites were washed on the
rocker platform for 7 minutes, centrifuged for 3 minutes 
and supernatant removed. The washing step was repeated. 
The incubation and washing procedures were repeated for the 
jird, rabbit and goat antisera. The parasites were placed 
on slides in 90% buffered glycerol, mounted under
coverslips and examined with a Zeiss ultraviolet 
microscope.
The incubation and washing procedures were repeated 
for disrupted stages of adults, and sheathed and
exsheathed microfilariae. Adults and L4 were disrupted by 
chopping the whole viable parasite with a scalpel blade. 
The parasites were suspended in 100 ul of PBS, pH 7.5.
The microfilariae were suspended in 100 ul of PBS and
disrupted by sonication for 1 minute with a Sonifier cell 
disrupter w-350 {Heat Systems Ultrasonics, Inc., Plainview, 
N.Y.). The serum dilutions used in the IFAT with whole and 
disrupted parasites were jird sera diluted 1:32, rabbit 
anti-jird diluted 1:50 and goat anti-rabbit diluted 1:40.
100 ul of serum was added to the 100 ul parasite suspension 
thereby negating any dilution effect of the parasite 
suspension.
Serum Absorption
2.0 gm of CnBr Sepharose beads (Pharmacia) were 
activated by a 15 minute rinse with .001 m HC1 and then 
rinsed three times with 0.2 M borate buffer. In a 
siliconized centrifuge tube, 200 ug of B. pahangi SSE was 
added to 0.5 ml of activated beads and incubated for 24 
hours at 4°C on a rocker platform. The beads were 
centrifuged and rinsed two times with 0.2 M borate buffer. 
To block the remaining receptor sites on the beads, the 
beads were resuspended in 1.0 ml of 1M diethanolamine 
(DEA) and incubated at 4°C for 2 hours on a rocker 
platform. The beads were washed three times and resuspended 
in 100 ul of PBS.
Pooled serum from jirds with infections of 70 days 
duration was diluted with PBS in the following dilutions: 
1:64, 1:100, 1:250, 1:500, 1:1000, 1:5000, 1:10,000 and
1:50,000. The serum dilutions were absorbed three times 
with B. pahangi antigen coated beads at a ratio of 2:1 bead 
volume to serum volume. The absorption times were: 2
hours at room temperature, overnight at 4°C and 2 hours at 
4°C. Unabsorbed serum and serum absorbed with DEA coated 
beads served as controls. The serum samples were then used 
in IFAT with sections of adult female g. pahangi to 
demonstrate the antibody nature of the staining reactions.
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RESULTS
Immunoelectrophoresis results with jird IgG eluted 
from the protein A column demonstrated reactivity with 
rabbit anti-jird serum. A line of reactivity was visible 
as a precipitin arc identical in electrophoretic mobility 
to the region of IgG in whole jird serum. The results 
indicated that the jird lg preparation was jird IgG.
Immunoelectrophoresis results with rabbit anti-jird 
IgG demonstrated reactivity with normal jird serum in a 
line visible as a precipitin arc in the region of jird IgG. 
The results indicated that the rabbit anti-jird sera was 
specific for jird IgG.
Serum from normal, non-infected jirds diluted 1:16 
reacted with blocked and non-blocked histological sections 
of parasites in the IFAT resulting in non-specific 
fluoresence of somatic musculature and cuticle surface. 
Two-fold dilutions of sera from both normal jirds and jirds 
with infections of 70 days duration were screened with IFAT 
using blocked and non-blocked sections of adult female g. 
pahangi. Results indicated that most of the non-specific 
reactivity of normal jird serum was removed at a dilution 
of 1:64 on blocked sections without significant loss of 
reactivity of the antibody in serum from infected jirds 
(Table II). Fluorescence of blocked sections in the IFAT 
with sera at a dilution of 1:64 or greater was considered 
antibody positive.
A decrease in serum reactivity with tissues of the
parasite was observed when serum samples from jirds with 
infections of 70 days PI were diluted out to 1:10,000. At 
a serum dilution of 1:256 a decrease was observed in the 
brilliance of the fluorescence and continued with 
subsequent serum dilutions to 1:2500. Inner uterine wall, 
embryo membranes and seminal receptacle, which were anti­
genic structures in the section of female E* pahangi 
recognised by jird antibody, were still weakly positive at 
1:2500. Fluorescence of the esophageal lumen was not 
observed at a dilution of 1:2000. At a 1:5000 serum 
dilution only a few sections exhibited a weak fluorescence 
of the inner uterine wall. At a dilution of 1:10,000 no 
fluorescence was observed.
Absorption of serum dilutions from jirds with 
infections of 70 DPI with E- pahangi antigen coated beads 
removed all reactivity with sections of female E- pahangi 
in an IFAT. Reactivity of the serum samples absorbed with 
DEA-coated beads were the same as unabsorbed sera (Table 
III).
In the IFAT, pooled serum samples from jirds with 
acute (70 days PI) and chronic (150 days PI) infections 
with E. pahangi were incubated with sections of adult 
females, males, L^, L^-IP and L^-V. Distinct fluorescence 
in the female was detected in the inner uterine wall, 
around the outer surface of developing embryos which were 
relatively close to the uterine wall (Fig. 1) and in the 
seminal receptacle (Fig, 2). Fluorescence in the
esophageal lumen was not consistently observed. No 
fluorescence was observed in the female intestine. On the 
sections of the male parasites, fluorescence was observed 
on the wall of the testis, in the seminal vesicles and the 
lining of the pseudocoelom. Detection of esophageal lumen 
fluorescence was also inconsistent in the male.
Fluorescence was observed on the lining of the 
pseudocoelom and the lumen of the esophagus of the (Fig. 
3). A patchy distribution of fluorescence was also observed 
on the inner cuticle in some sections. On sections of the 
Lg-IP, fluorescence was observed in the lining of the 
pseudocoelom and in the lumen of the intestine (Fig. 4). 
The patchy fluorescence was also observed on the inner 
cuticle in some sections of the Lg. Because of the 
limitations of detailed resolution in these larval stages 
with the IFAT, it could not be determined if the exact 
location of the patchy fluorescence beneath the cuticle in 
these larval stages was the inner layer of the cuticle, the 
adjacent hypodermis or the area between these structures.
Antibody in the sera of jirds with infections of 70 
days PI and with infections of 150 days PI recognised the 
same structures in each of the life cycle stages. The 
same structures were also consistently recognised by 
antibodies in the pooled serum samples from jirds with 
infections of varying duration from 40-188 DPI, There were 
no apparent differences between jirds that had received one 
inoculation and jirds that received eight inoculations of 
50 B. nahangi L_. Antibody produced by jirds with
infections of short duration {19-34 days PI) recognized the 
same strucutures in the male, and Lg stages but reacted 
weakly with structures in the female. In the female, only 
the inner uterine wall and the seminal receptacle exhibited 
fluorescence. However, results of IFAT with sequential 
serum samples indicated that by 54 days PI, antibodies in 
the sera from the same animals recognized the seminal 
receptacle, the inner uterine wall and areas around the 
outer surface of adjacent embryos. Antibody in serum from 
jirds that received only microfilariae IV also recognised 
fewer structures in the adult parasites. In the female
parasite, neither esophagus nor seminal receptacle were 
fluorescent. In the male, only the wall of the testis was 
recognised.
The cuticle of !. pahangi was not recognized as 
antigenic on the sections by antibodies in serum from
infected jirds or in rabbit anti-1, pahangi serum. To
determine if antigenicity was altered or destroyed by the 
fixation and embedding procedures, whole, viable parasites 
were harvested, washed and used immediately in an IFAT with 
serum from jirds with infections of 27 days PI, 70 days PI 
and 150 days PI, jird Mf-only serum and rabbit anti-B. 
pahangi serum. The negative control was NBJ serum. This 
study included microfilariae from three sources: jird
peritoneal cavity, jird peripheral blood and In vitro 
culture of adult female B. pahangi. The culture fluid 
containing microfilariae also contained eggs. Antibody in
rabbit anti-fi. Pahangi recognized egg membranes and the 
sheath of some of the microfilariae from each source. 
Antibody to the cuticle of adults, or Lg, the sheath of
the microfilariae or the egg membranes was not detected in 
jird sera.
The IFAT was repeated using the same sera with 
disrupted adults and and with sheathed, exsheathed and 
sonicated microfilariae. All immune sera reacted with 
exposed uteri of the female adults but not with the 
intestine (Fig. 5). All immune sera reacted with the 
exposed cytoplasm of L4 and with extruded tubular genital 
structures but not with intestine. Antibody in all sera 
reacted with the exposed cytoplasm of sonicated 
microfilariae. None of the sera tested, however, contained 
antibodies which recognized the exposed cuticle of the 
exsheathed microfilariae. Antibody in sera from jirds with 
150 days PI infections, but not in sera from jirds with 27 
or 70 days PI infections, recognized the surface of eggs 
released from the ruptured uteri of female B. pahangi but 
not those from cultures.
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DISCUSSION
The inner uterine wall and seminal receptacle of 
females, the testes of males and the pseudocoelom lining of 
larval stages were recognised as antigenic by all jird 
serum tested regardless of duration of infection, number of 
inoculations of Lg or stages of the life cycle to which the 
jirds had been exposed. Stage or organ specific antigen 
recognition by antibody in sera from jirds with B. pahangi 
infections was not detected. One explanantion for this 
lack of specific differences in stage or organ recognition 
is the extensive antigen sharing between stages of B. 
pahangi which has been experimentally demonstrated in other 
studies. Using the Bolton-Hunter iodinisation technique 
and immune precipitation, antibody to each stage has been 
demonstrated in the serum of mice exposed solely to single 
stage infections of adult males, Lg or microfilariae 
(Maisels, et al. , 1983a). Cats infected with Lg produce
antibody to microfilariae and adults a week prior to the 
fourth molt which is four weeks prior to patency (Philipp 
et al, 1986). At this time the parasites have not 
developed beyond the L^ stage. The results of the present 
study in the jird-B. pahangi model support and extend these 
findings.
There is also the possibility that the jird antibody 
measured is recognising phosphorylcholine epitopes shared 
by different antigens. Phosphorylcholine is an antigenic 
determinant that is present in a wide varity of organisms
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including man and nematodes (Crandall and Crandall, 1971; 
Gualsata et al., 1989; Gutman and Mitchell, 1977; Maisels
et al., 1987; Pery et al., 1974; 1979; Wenger et al.,
1988). Phosphorlycholine has been identified as a major
epitope in the cross-reactive antigens of B. malavi and B- 
pahangi and has been found in soluble somatic extracts,
antigens released during in vitro culture, and as a 
circulating antigen in serum (Maisels et al., 1987; Wenger
et al., 1988). Phosphorylcholine containing antigens have 
been localised in IL. malayi in the inner uterine wall and 
on the egg membranes of the female and in the inner cuticle 
and coelomic cavity of the male and less in the intestines 
(Wenger et al., 1988). A similar localisation has been
determined in other nematodes (Gualsata et al, 1986; Gutman 
and Mitchell, 1977). The inner uterine wall and adjacent 
embryonic membranes in the female and the coelomic cavity 
in the male are structures consistently recognised by jird 
antibody in this study.
In this study antibody was not detected on the surface 
of any stage of B. pahangi. including vector-derived Lg and 
Lg harvested after 3 days in the peritoneal cavity of the 
jird, with any of the jird sera tested. Results also 
indicate that jirds do not recognise the surface of the 
microfilarial sheath or the surface of the cuticle of 
microfilariae or any other stage of the life cycle as 
antigenic. These results contrast with the reported 
results of other studies of surface antigens of Brugia spp.
In those studies, surface antigens of the Brutfia spp. have 
been identified and determined to be immunogenic with 
radioimmunoprecipitation using sera from jirds, cats, mice, 
rabbits and man {Maisels, et al., 1983a; b; 1985; Selkirk, 
et. al., 1986; Philipp, et. al., 1986; Devaney, 1987; 
1988). There have been reported changes in the surface 
proteins of the Lg stage of Brugia spp. after inoculation 
into a mammalian host. Marshall and Howells (1986) 
reported a turnover in surface proteins of g. pahangi Lg,
but not in the L^ or adults, demonstrated as a loss or
shedding of surface radiolabeling after inoculation into 
the jird. The majority of this loss occurred prior to the 
third molt at 7-8 days PI. Carlowe et al., (1987)
reported a loss of a surface epitope of B. malayj Lg
recognised by a monoclonal antibody after inoculation into 
a mouse. Rapid shedding of surface antigens of the Lg could 
explain why antibody recognition of the Lg surface by sera 
from infected jirds was not observed in the IFAT. Surface
antigens of adults and L^, however, appear to be highly
conserved within the lymphatic filarids (Selkirk et al.,
1986) and there is little to no turnover of surface 
antigens on these stages (Marshall and Howells, 1986).
Lymphatic filarids do not appear to utilize parasite
mimicry of host protein or adsorption of host protein as a 
means of immune evasion in the host (Maisels et al., 1982). 
A lack of antibody recognition of the surface of these 
stages by sera from infected jirds indicated that the 
surface is not immunogenic to the jird during unattenuated
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infections,
In some studies on surface antigenicity of Brugia 
spp.i the surface antigens were radiolabeled and 
solublisied for analysis (Maisels, et al., 1983a; b; Philipp 
et al., 1986; Selkirk et al., 1986). One explanation for 
the differences in antigenicity between the results of this 
study and studies with surface proteins could be that 
radiolabeling of these antigens may label epitopes that 
are not naturally accessible on the surface of the 
parasite. Also reported surface antigenicity includes 
proteins that have the same molecular weight as in vitro 
released molecules which appear to be surface associated. 
Long term maintenance of parasites in serum-free culture 
media is not possible, and it has been suggested that some 
of the surface-associated antigens may be artifactual, 
existing as surface-associated only in culture systems in 
vitro (Selkirk et al., 1986). The great difference in the 
techniques of IFAT and radiolabeling may be a factor 
contributing to the differences between the reported 
results of surface antigenicity and the results of this 
study.
Jirds do not develop resistance to challenge 
infection following single or multiple inoculations of B. 
pahangi. Other studies have indicated that instead of 
resistance, infected jirds have an increased susceptibility 
to reinfection (Klei et al., 1980). Also, jirds do not 
become amicrofilaremic and may remain microfilaremic for
years (Ash, 1973). In comparison, some cats infected with 
B. pahangi develop antibody against the sheath of 
microfilariae. The appearance of this antibody in these 
cats is associated with the termination of microfilaremia, 
the clearance of adult parasites within the lymphatics and 
the development of resistance to challenge with Lg (Denham 
and Fletcher, 1987; Fletcher et al., 1986). The results of 
this study indicate that in the jird-£. pahangi model, 
there is an association between the inability to recognise 
the surface of the developmental stages of the parasite, 
the inability to produce anti-microfilarial sheath antibody 
and the inability to develop resistance to infection or the 
clearance of microfilariae.
Antibody in serum from jirds with infections of 70 and 
150 days duration do not recognize the surface of eggs 
released in vitro or the sheath of prematurely released 
microfilariae. However, antibody in serum from 150 days PI 
infection does recognize eggs which are exposed by 
disruption of the uterus suggesting an apparent antigenic 
difference between the surface of early eggs and that of 
more mature eggs or microfilariae and/or a difference 
between 70 days PI and 150 days PI sera. Antigenic 
recognition of eggs and not microfilariae has been reported 
in Onchocerca infection in man (MacKensie, 1987). Rogers 
et al. (1976) in studies on fi. pahangi have suggested that 
uterine secretions have both nutritive and lubricatory 
functions and that the outer surface of the egg may 
function as a placenta in the nutrition of developing
embryos. It is possible that the eggs selectively
recognised by antibody in 150 days PI serum are coated with 
uterine secretions. A lack of recognition by antibody in
70 days PI serum could be attributed to a low level of
antibody present to the particular antigen or antigens at
that time, although uterine wall and the surface of 
adjacent embryos were detected by antibody in fixed 
sections at that time.
The inconsistency observed in the detection of 
immunoreactive fluorescence in the esophageal lumen of
adult parasites may be explained by the fact that the 
esophagus of £. pahangi contains an anterior muscular 
region and a posterior glandular region (Schacher, 1962). 
Sections of the parasite that did not exhibit esophageal 
lumen fluorescence may have been cut from muscular 
esophagus whereas another section that contained esophageal 
fluorescence may have contained glandular esophagus. 
Resolution of sections in the IFAT did not allow for this 
differentation.
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Table I. Groups of jirds singly and multiply infected 
with Brugia pahangi
Group Number of 
Inoculations 
of 50 L3
Duration
of
Infection 
(Days PI)
Mean
Duration
of
Infection
Numbers 
of Jirds 
per 
Group
I 8 173-188 181 12
II 4 173-188 181 12
III 4 82-96 90 12
IV 1 173-188 181 12
V 1 152-167 160 12
VI 1 131-146 139 12
VII 1 110-125 118 12
VIII 1 82-96 90 10*
IX 1 61-76 69 10*
X 1 40-55 48 12
XI 1 19-34 27 12
XII 0 0 0 12
*Two jirds died in each group prior to necropsy date.
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Table II. Titration of Serum for Removal of Non-Specific
Reactivity of Normal Jird Serum.
Serum Source Jird Serum Dilutions
1:16 1:32 1:64 1:256 1:512 1:1024 1:2048
Female B. p.
Section
(unblocked)
70 DPI + + + + + + +
NBJ + + + — — - -
Female £. p.
Section
(blocked)
70 DPI + + + + + + +
NBJ + + - _
70 DPI = Fluoresence of inner uterine wall, embryo
membranes, seminal receptable and esophageal lumen with 
pooled sera from jirds with infections of 70 days 
duration.
NBJ = Fluoresence of protoplasmic region of somatic 
musculature with pooled sera from normal jirds.
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Table III. Results of IFAT with sections of female
Brugia pahangi following absorption of jird 
specific antibody by g. pahaogi-coated beads.
1
Serum Dilution £• Ej_
Bead Absorbed
DEA Bead 
Absorbed
Unabsorbed
1:64 - + +
1:100 - + +
1:250 - + +
1:500 - + +
1:1000 - + +
1:5000 - ND +2
1:10,000 ND ND -
1:50,000 ND ND —
ND: Not done.
1. Serum from jirds with 70 DPI infections with £. 
pahangi diluted with PBS, pH 7.5.
2. Reactivity still present on uterine wall in 10% of g. 
pahangi cross sections per slide.
FIGURE LEGENDS
Figure 1
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Adult female B. Pahangi. Fluorescence of 
inner uterine wall (dark arrow) and adja­
cent embryo membranes (broken arrow) with 
pooled serum from jirds with infections of 
70 days duration.
Adult female B* pahangi. Fluorescence of 
seminal receptacle (arrows) with pooled 
serum from jirds with infections of 70 days 
duration.
B- pahangi L4. Fluorescence of lining of 
pseudocoelom (arrow) with pooled serum from 
jirds with infections ranging from 173-188 
days duration.
B- pahangi L3-IP. Fluorescence of lining 
of pseudocoelom and lumen of intestine 
(arrow) with pooled serum from jirds with 
infections ranging from 173-188 days 
duration.
Adult female E* pahangi. Whole unfixed 
female with exposed uteri exhibiting fluo­
rescence of lining of uteri (arrows) with 
antibody in pooled serum from jirds with 
infections of 150 days duration. Fluores­
cence of the surface of some egg membranes 
is also visible.
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CHAPTER 2
QUALITATIVE CHARACTERIZATION OF ANTIBODY RESPONSES 
OF THE JIRD (MERIONES UNGUICULATUS) TO 
SINGLE AND MULTIPLE INFECTIONS OF
BBiasiA ?hmmi
Rita G. Farrar, T. R, Klei, C. S. McVay 
and S. U. Coleman
To Be Submitted to
The American Journal of Tropical 
Medicine and Hygiene
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Abstract. Antibody responses of jirds singly and 
multiply-infected with Burgia pahangi and with infections 
of varying duration {19-188 days post infection) to soluble 
somatic extracts of adult parasites were characterised by 
Western blot analysis. A total of 42 protein bands ranging 
in molecular weight from 12-160 kD were recognised by the 
sera from infected jirds using this assay. Antibody 
recognition of Brugia pahangi antigens in the jird appears 
to be independent of antibody titers as determined by
ensyme linked immunosorbent assay (ELISA), severity of 
lymphatic lesions, levels of microfilaremia, numbers of
infective larvae inoculated or adult parasites recovered. 
However, antibody recognition of protein bands with
molecular weights of 37 kD, 21 kD, 17 kD and 15 kD did 
appear to correspond temporally with certain 
parasitological and/or host interactive events. The 37 kD 
protein band was recognised at the onset of patency and 
remained constant during the course of infection. 
Recognition of the 21 kD protein band paralleled the rise 
in microfilaremia in the jird. Recognition of the 17 kD 
protein band occurred between 54-170 days post inoculation, 
reaching a maximum at 84-110 days post inoculation and 
markedly decreasing by 150 days post inoculation. This 
recognition paralleled the time course of lymphatic 
granuloma formation. The 15 kD protein band was recognised 
briefly, between 140 and 170 days post inoculation, during 
the period of maximum down regulation of the granulomatous
inflammatory response to Brugia pahangi antigens. The 
chronological correlation of the antibody responses to the 
17 kD and 15 kD protein bands with the kinetics of the 
lymphatic granulomatous response are identical in both 
singly and multiply infected animals. These observations 
suggest that the antibody responses to these proteins are 
being actively suppressed. However, these studies did not 
identify a clear relationship between antibody recognition 
and lymphatic lesion severity.
Immune responses to filarial parasites have been 
linked to the pathogenesis of lymphatic filariasis 
(Ottesen, 1984; Piessens, 1982). Relevance of specific 
parasite antigens to the pathogenesis of lymphatic lesions 
has not been defined and information on parasite antigen- 
specific immune responses is limited in both man and animal 
models.
The jird Brugia Pahangi model has become an accepted 
experimental model for the study of lymphatic filariasis 
(Ash, 1973; Ash and Riley, 1970; Philipp, et al., 1984). 
The jird is susceptible to the Brugia species and develops 
lymphatic lesions similar to those seen in man {Ah and 
Thompson, 1973). The kinetics of the lymphatic 
granulomatous inflammatory responses have been defined in 
this model and the experimental results to date support the 
theory that the host's immune responses are involved in the 
pathogenesis of lymphatic filariasis (Klei, 1981; 1982;
1988). However, the role of antibody in the outcome of B. 
pahangi infections or the characterisation of the antibody 
response has not been studied in detail.
The purpose of this study was to attempt to initially 
identify parasite antigen-specific antibody responses and 
determine if these responses correlated with other 
parasitological and pathological parameters measured in 
this model during the course of infection. This study 
qualitatively characterised antibody responses of singly 
and multiply-infected jirds with infections of varying
duration to a soluble somatic extract of adult parasites 
using Western blot analysis. These responses were compared 
to differences in time course of infection, numbers of 
infective larvae inoculated, numbers of adult parasites 
recovered at necropsy, levels of microfilaremia, severity 
and/or numbers of lymphatic thrombi and ELISA antibody 
titers.
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MATERIALS AND METHODS
Animals
Inbred male agouti jirds (Meriones unguiculatus) eight 
to ten weeks of age were obtained from Tumblebrook Farms 
(Westbrook, Mass.). Specific pathogen free New Zealand 
white rabbits were obtained from Hazleton Research 
Laboratories, Denver, Pa.
Parasites
Adult male and female Brugia pahangi were obtained 
from jirds infected intraperitoneally a minimum of 50-60 
days post inoculation (DPI) with infective larvae (Lg) 
obtained from Aedes egypti mosquitoes. The parasites
were washed four times in phosphate buffered saline (PBS). 
pH 7,5 and frozen whole at -70°C until needed to prepare 
antigen extracts.
Microfilariae for intravenous inoculation of naive 
jirds were obtained from jirds with 90 DPI intraperitoneal 
infections by intraperitoneal lavage with sodium 
bicarbonate buffered RPMI-1640, pH 7.4. The microfilariae 
were separated from cells in the lavage fluid by passage of 
the fluid through an 8 um nucleopore filter (Gelman 
Scientific, Ann Arbor, Mich.). The microfilariae were 
removed from the filter surface by washing the filter into 
a petri dish with RPMI-1640. The microfilariae were 
pooled, counted and aliquoted into 0.5 ml volumes
containing 10,000 viable microfilariae.
Antigen Preparation
A soluble somatic extract (SSE) of adult nahangi of 
both sexes was prepared at 4°C by grinding whole parasites 
in 0. 1M Tris-HCl buffer, pH 8.0, with a Tenbrooke tissue 
grinder in an ice bath, followed by four one-minute
sonication bursts with ultrasound at 4°C in an ice bath 
(Sonifier Cell Disrupter W-350, Smithklein Corp.,
Philadelphia, Pa.). Aprotenin, a protease inhibitor 
(Sigma Chemical Co., St. Louis, Mo.), was added at a 
concentration of 25% to the antigen preparation prior to 
sonication. The extract was stirred overnight at 4°C and
then centrifuged at 100,000 g for one hour at 4°C. The 
protein concentration of the supernatant was determined by 
the Biorad protein assay (Biorad Laboratories, Richmond, 
CA). When necessary, the protein was concentrated to a 
minimum of 0.5 mg/ml using an ultrafiltration membrane 
(UM-2, cutoff <5000; Amicon Corp., Redwood City, CA.). The 
supernatant was aliquoted in 0.5 ml volumes and stored
at -70°C until used.
Serum Sources
Jird necropsy serum: Individual jird serum was
collected at necropsy from male jirds which had received 
single or multiple (four or eight) subcutaneous infections 
with 50 IL. nahangi L^ each. The experimental design has 
been previously described (Klei, et al., 1989). Duration
of infection in the jirds varied from 19-188 DPI. Each
jird was characterised by a complete necropsy on that 
animalj recording number of parasites recovered, level of 
microfilaremia, ELISA antibody titer, pulmonary 
granulomatous inflammatory reactions to B. pahangi coated 
beads, numbers of lymphatic thrombi, duration of infection 
and numbers of inoculations of Lg. Necropsies were 
conducted over a 12 day period. These time periods and the 
mean necropsy times are shown in Table 1. Mean days PI 
will be utilised in this report.
Jird Sequential Serum: Sequential serum samples were
collected at 0, 27, 54, 84, 110 and 138 DPI from two groups 
of the jirds which had received one or eight inoculations 
of Lg respectively.
Jird anti-microfilaria Serum: Individual serum
samples were also obtained two weeks post-inoculation from 
six naive jirds that had been intravenously inoculated once 
via the retroorbital plexus with 10,000 viable 
microfilaria.
Jird IgG: Serum was obtained from normal, uninfected
10 week old male jirds, pooled and the immunoglobulins 
salted out three times in 10% saturated ammonium sulfate. 
The jird IgG was purified by affinity chromatography on a 
protein-A sepharose column. The non-bound protein was 
eluted with 0.1M PBS, pH 7.5. The adherent globulin was 
then eluted from the column with 0.1M Glycine-HCl, pH 2.8 
and determined to be IgG by immunoelectrophoresis.
Immunoelectrophoresis: Glass slides were coated with
l.OSS agarose in barbital buffer, pH 8.6, and allowed to
harden. Wells and troughs were cut into the agarose.
Normal jird sera and jird IgG preparations were placed in 
wells. The slide was electrophoresed at 100 V for 2-3 
hours at 4°C. When electrophoresis was complete, rabbit
anti-jird serum was placed into the troughs. A control for 
non-specific reactivity was normal rabbit serum.
Rabbit anti-.iird IgG: Adult New Zealand White
rabbits were screened prior to immunisation for
nonspecific reactivity with B*. pahang i SSE using the 
Western Blot technique. Hyperimmune rabbit antiserum was 
then prepared against jird IgG by immunising the negative 
rabbits three times at 10 day intervals with 0.3 ml of jird 
IgG at a concentration of 8.5 mg/ml. For the initial 
inoculation, the IgG was emulsified in Freund's complete 
adjuvant (Difco, Detroit, Mich.) and injected 
subcutaneously in four locations. For the second 
injection, the IgG was emulsified in Freund's incomplete 
adjuvant (Difco) and inoculated subcutaneously. The final 
injection was an aqueous solution of IgG without adjuvant 
which was inoculated intradermally in multiple sites. 
Serum collection began 14 days after the final inoculation 
of antigen. The rabbit antiserum was checked for 
specificity to jird IgG via immunoelectrophoresis.
Glass slides were prepared as described above. Normal 
jird serum was added to the wells. The slide was 
electrophoresed as described previously. When
electrophoresis was completed, the rabbit anti-jird IgG was 
added to the trough. The control for non-specific 
reactivity was normal rabbit serum.
Rabbit anti-B. pahangi: Polyvalent hyperimmune rabbit
antiserum was prepared against adult pahangi by
immunising adult New Zealand White rabbits with 0.5 - 1 . 0
mg of SSE following the immunization protocol outlined 
above.
Goat anti-rabbit IgG: Goat anti-rabbit IgG antiserum
conjugated to horseradish peroxidase or conjugated to
alkaline phosphatase was obtained commercially (Kirkegaard 
and Perry Laboratories, Gaithersburg, Md).
Antigen Assays
SDS-FAGE: ]L, pahangi SSE was initially separated via
polyacrylamide gel electrophoresis in a 7.5% - 20% gradient 
gel with a 4% stacking gel using a discontinuous buffer 
system (0.025MTris, 0.193M glycine, 0.1% SDS, pH 8.3)
according to the modified procedure of Lammeli (1970). The 
ratio of acrylamide to bisacrylamide was 30:1. pahangi
SSE samples were diluted 4:1 in sample buffer (0.5 M Tris- 
HC1, pH 6.8, containing 2% SDS and 5% 2-mercaptoethanol) 
and boiled for 5 minutes. The samples were loaded onto the 
gel at a concentration of 250 ug per gel for the modified 
single well combs and 25 ug per well for the multi-well 
combs. Electrophoresis was completed at room temperature 
in 5 1/2 hours (1 hour at 15 mA/gel and 4 1/2 hours at 30 
mA/gel). Molecular weight standards (Pharmacia
Electrophoresis Calibration Kits) were included in each gel 
run including a prestained low molecular weight standard 
(Bethesda Research Laboratories, Bethesda, Md. ) used as a 
marker to determine when the antigen had migrated to the 
bottom of the gel. The separated proteins in the gels were 
stained with Coomasie Brilliant Blue G-250 {Biorad
Laboratories, Richmond, CA.).
Western Blot: The electrophoretic transfer of B.
pahangi antigens to nitrocellulose paper (NCP) was 
performed as described by Towbin, et al. (1979). Briefly, 
250 ug of Bj. pahangi SSE was separated on SDS-PAGE and 
transferred to NCP (0.22 um, Schleicher and Schuell, Keen, 
N.H.) using a Trans-Blot cell (Biorad Laboratories) at 65V 
for 16 hours at 4°C in a buffer containing 0.025M Tris, 
0.193M glycine, 20% methanol, pH 8.3. After 
electroblotting was completed, the NCP was stained with 
aqueous Ponceau S stain to monitor the protein transfer.
Immunodetection: After removal of the NCP containing
the molecular weight standards, the remaining NCP was cut 
into 5mm strips. To block nonspecific binding sites on 
the NCP, the strips were incubated with gentle agitation on 
a rotating platform in 5% nonfat dry milk and 0.3% Tween-20 
in PBS for 1 hour at 37°C (Johnson, et al., 1984). The 
strips were then washed with gentle agitation in three 10 
minute washes in PBS, pH 7.5, with 0.05% Tween-20 added 
followed by a final 10 minute wash in PBS without Tween-20. 
Visualisation of the protein bands recognised by the sera 
from infected jirds was accomplished with a double sandwich
immunoblot. All serum samples were diluted in 1.0% nonfat 
dry milk in PBS, pH 7.5 and incubated with NCP strips on a 
rotating platform for 1 hour at 37°C followed by four 10- 
minute washes as outlined above. The blocked strips were 
incubated with individual jird serum samples diluted 1:100, 
washed, incubated with rabbit anti-jird IgG diluted 1:3000, 
washed, and then incubated with goat anti-rabbit IgG
conjugated to either horseradish peroxidase or alkaline 
phosphatase diluted 1:1000. After the final wash, the
strips were incubated with the appropriate substrate, 4- 
chloro-l-napthol for HRF or 5-bromo-4-chloro-3-indolyl 
phosphate/nitroblue tetrasolium for AP. After the reaction 
developed fully, the strips were washed, dried and
photographed. Controls for nonspecific staining of the
antigen bands included normal jird serum, rabbit anti-jird 
IgG plus goat anti-rabbit IgG and goat anti-rabbit IgG
only. Rabbit anti-fi. pahangi was used as a positive 
control.
RESULTS
Separation of the IL_ pahangi SSE via SDS-PAGE revealed 
48 distinct protein bands ranging in molecular weight from 
9-200 kD. When these protein bands were transferred to NCP 
via Western blotting, antibody in the serum samples from
the infected jirds recognized a total of 42 protein bands
ranging in molecular weight from 12-167 kD. Figures 1-7
illustrate the numbers of infected jirds in groups I, IV, 
VII, VIII, IX, X and XI recognizing each protein band. 
The following general pattern of band recognition was
observed among the infected jirds. Twenty bands with 
molecular weights of 44-160 kD were recognized by jirds in 
all groups, and the 160 kD and 157 kD bands were recognized 
by most jirds. Most of the variation in antibody
recognition of these twenty protein bands occurred in group 
XI, the group of jirds with the shortest infection period
(19-34 DPI). In this group, recognition of bands ranged 
from a faint recognition of the 157 kD and the 160 kD bands 
at 19 DPI to recognition of all twenty bands at 27 DPI. 
Jirds in this group did not produce antibody which was 
detectable by any proteins with molecular weights below 44 
kD. Increased background staining in the region between 
bands 90-157 kD was observed in the immunoblots (Fig. 8).
Most of the variation in individual jird antibody 
recognition of bands occurred among the bands which ranged 
in molecular weight from 12-43 kD. The recognition of 
proteins by sera obtained at necropsy from the singly
inoculated jirds in groups IV - XI was compared with 
duration of infection. Antibody recognition of four 
protein bands appeared to be clearly associated with the 
time course of the infection: a 37 kD band, a 21 kD band,
a 17 kD band and a 15 kD band (Fig. 9).
Antibody to the 37 kD protein band was first detected
in sera from infected jirds at 54 DPI. By 80 DPI all jirds
produced antibody which recognised this band. Titer of
antibody recognising this protein band increased with 
duration of infections as evidenced by the increase in
immunostaining intensity and width of the band.
The 21 kD protein band was first recognised by jird 
antibody at 84 DPI. As the duration of the infection 
increased, intensity of the immunostaining of the protein 
band increased and an increased percentage of jirds 
recognising the band was observed.
Antibody recognition of the 17 kD band occurred as
early as 54 DPI, reaching a maximum in intensity of
immunostaining and numbers of jirds recognising the band 
between 84-110 DPI, The occurrence of antibody to this 
protein band then appeared to decline. At 181 DPI, the 
bands were either faintly visible or no longer present on 
the immunoblot. An individual variation in antibody 
recognition of this 17 kD protein band was noted among the 
infected jirds. Some recognised the 17 kD protein as a 
doublet, whereas others recognised the protein as a single 
broad band.
Antibody to the 15 kD protein band was detected only 
in sera from chronically infected jirds. Maximum antibody 
recognition of this protein by sera from infected jirds 
occurred around 160 DPI. Antibody recognition of this 
protein was indicated by the presence on the immunoblot of 
a wide, intensely stained band. Occurrence of antibody to 
this band then decreased rapidly as indicated by the 
decrease in the staining intensity and numbers of jirds 
producing antibody by 181 DPI. This protein band was 
recognised primarily by those jirds in group V {Fig. 10).
Immunoblots with sequential serum samples from jirds 
in group I which had received eight inoculations of B. 
pahangi Lg and sequential samples from jirds in group IV 
which had received only one inoculation of L3 were compared 
to one another and to the immunoblots prepared with 
necropsy serum samples from the corresponding groups of 
singly-inoculated jirds. Detection of antibody recognition 
of protein bands followed similar temporal relationships 
in the sequential serum samples as that observed with the 
necropsy serum samples (Fig. 11). Jirds with chronic 
infections of 181 DPI recognised the same 40 fi. pahangi 
antigen bands regardless of the number of inoculations of 
Lg (Figs. 1,2). The pattern of antibody recognition of the 
37, 21, 17 and 15 kD protein bands observed with both
necropsy and sequential serum samples are clearly 
demonstrated with the sequential serum samples (Figs. 12, 
13).
Comparison of band recognition by antibody from each
Jird with numbers of inoculated into that Jird, numbers 
of adult parasites recovered, level of microfilaremia in 
the peripheral circulation, numbers of lymphatic thrombi or 
antibody titer (Klei et al., 1989) did not indicate any
correlation of protein recognition with any of these 
parameters. Within each group of infected jirds, values 
for each of these parameters ranged from very low to very 
high with no discernable relationship between parameter 
value and band recognition among jirds recognising the 
proteins.
When serum samples from jirds that had been inoculated
with microfilariae were used in the immunoblot assay at the
same 1:100 dilution as the serum from jirds infected with 
S. pahangi. only a triplet band composed of the 105 kD, 108 
kD and 111 kD molecular weight protein bands was
recognised. Increasing the concentration of the jird Mf- 
only sera by decreasing the dilution to 1:50 resulted in 
antibody recognition of 24 proteins. In addition to the 
triplet, additional proteins recognised ranged in molecular 
weight from 44-88 kD. A protein band with a molecular 
weight of 80 kD was recognized by the sera from jirds which 
had seen only microfilariae but not by sera from the singly 
and multiply-infected jirds. To determine if this band was 
recognised only by jirds that had seen only microfilaria 
and therefore unique to the microfilarial stage, the
immunoblot assay was repeated using pooled necropsy serum 
at the 1:50 dilution from groups I and IV and pooled
sequential serum samples from group IV at 27 DPI and 54 
PDI. The protein was visible as a light band with pooled 
necropsy sera from group I only (data not shown).
DISCUSSION
Comparison of antigen recognition patterns by antibody 
in individual serum samples from infected jirds with
numbers of inoculations, numbers of adult parasite 
recovered, levels of microfilaremia, numbers of lymphatic 
thrombi or ELISA antibody titers did not reveal any 
association between band recognition and these parameters. 
This lack of association suggests that, in this model, 
antibodies identified do not play a role in protection of 
the host and also suggests that these specific antibodies 
are not involved in the pathogenesis of the lymphatic 
lesions. However, there did appear to be qualitative 
differences in the recognition of four lower molecular 
weight protein bands which corresponded with the time
course of the parasite infection.
Antibody recognition of the 37 kD and the 21 kD protein 
bands can be associated with specific events during the 
life cycle of the parasite. Detection of antibody to the 
37 kD protein band at 54 DPI coincides with the onset of 
reproductive activity of the parasite, i.e. the onset of 
microfilariae production and release (Ash and Riley, 1970). 
Similarly, detection of antibody to the 21 kD protein band 
occurred between 84-188 DPI, the time during infection 
when numbers of microfilariae are increasing in the
peripheral circulation of infected jirds. Jirds do not 
become amicrofilaremic, and with increasing duration of 
infection, numbers of microfilariae increase in the
peripheral circulation (Ash, 1973). The numbers of jirds 
producing antibody which recognised the 21 kD protein and 
the intensity of immunostaining increased with increasing 
duration of infection. These observations suggest that 
these antibody responses may be directed toward antigens 
related to uterine activity and/or microfilarial release in 
microfilaremic jirds or possibly antigens related to adult 
worms in general.
In the jird-jg. pahangi model, the kinetics of 
lymphatic pathology demonstrate distinct responsive and 
hyporesponsive periods of granulomatous inflammation during 
the course of infection that relate to lymphatic lesion 
severity. Numbers of lymphatic thrombi are greatest 
between 69-90 DPI and decrease after that time reaching 
lowest levels by 150 DPI (Klei, et al., 1988; 1989). The 
kinetics of lung granuloma formation in response to fi. 
pahangi antigen coupled to cyanogen-bromide activated 
sepharose-4 beads parallels this down regulated activity, 
suggesting that this activity is immunologically regulated 
(Klei, et al. 1989). Recognition of the 17 kD band between 
54-170 DPI paralleled the time course of lymphatic 
granuloma formation and down regulation. The 15 kD band was 
recognised briefly but intensely between 140-167 DPI during 
the period of maximum down regulation of the lymphatic 
granulomatous response. These observations suggest that 
the antibody responses of the jird to the 17 kD and the 15 
kD antigens are being down regulated in some manner also.
Temporal recognition of these bands was the same in jirds 
receiving one inoculation of 50 E- pahangi L3 and jirds 
receiving eight inoculations of 50 L3 each. In jirds
receiving eight inoculations, all stages of the parasite 
were present throughout the course of the infection. 
Therefore the presence or absence of a parasite stage 
and/or product resulting in changing levels of parasite 
antigen was not a factor in the observed pattern of 
antibody recognition of these bands. Previous studies have 
demonstrated a reduction of granulomatous inflammatory 
responses and a decrease in lymphocyte blastogenic
responses in chronic E- pahangi infections of jirds. The 
parallel rise and subsequent decline of antibody
recognising the 17 kD protein band suggests that some
antibody responses to the parasite are also being actively 
suppressed.
Results of other studies in the jird-g. pahangi model 
have demonstrated the presence of both non-specific and 
parasite antigen-specific suppressor cells in the jird 
which are associated with a loss of responsiveness in vitro 
to E- pahangi antigens. The non-specific suppressor cells 
are induced in chronic infections (150 days PI), but the 
induction of the antigen-specific suppressor cells appear 
to be associated with the onset of microfilaremia (Lammie 
and Katz, 1983a; b; 1984). The down regulation of the 
granulomatous inflammatory response in the lymphatics 
correlates with the onset of specific suppressor activity 
observed in the jird-B. pahangi model by Lammie and Katz
(1983b). Whether the suppression of the 17 kD protein is 
specific or non-specific cannot be determined from the 
results of this study.
In the jird-B. pahangi model, no differences in 
antibody recognition of adult antigens were observed 
between singly and multiply infected jirds, indicating that 
repeated exposure did not affect band recognition. In the 
dog infected with B- pahangi. however, reexposure to the 
parasite causes changes in the number of antigen bands 
recognised (Snowden and Hammerberg, 1987). Antibody 
responses of cats to £. pahangi are similar to that of the 
dog. Some repeatedly infected cats spontaneously clear 
microfilariae. These individuals produce antibodies which 
recognise antigens in adult, Lg and microfilariae which are 
not recognised by cats which remain microfilaremic 
(Fletcher, et al., 1986). In contrast to the cat infected 
with B- pahangi. resistence to reinfection does not develop 
in the jird following repeated exposure to B- Pahangi (Klei 
et al., 1988;1989). Instead, pre-exisiting subcutaneous
infections in jirds may increase susceptibility to 
reinfection (Klei, et al. , 1980).
The antigenicity of microfilariae of Brugia spp. has 
been well documented in animals (Philipp et al., 1986; 
Ponnudurai et al., 1974; Singh, et al., 1980; Tomasito, et
al., 1983, 1985) and man (McGreevy et al., 1980; Wong and 
Guest, 1969). Results in some studies suggest that 
antimicrofilarial antibodies may have a protective
function. Mice which were immunised with soluble
microfilarial extracts were resistant to challenge 
infection (Kasura et al., 1982). In the cat-fi. pahangi 
model, cats which develop antimicrofilarial antibodies 
clear microfilaremia and become resistant to reinfection 
(Denham, et al., 1983). An analagous immunological state
has been postulated for humans who become amicrofilaremic. 
In man, the clearance of microfilariae in lymphatic 
filariasis is considered to be antibody-mediated.
Amicrofilaremic individuals produce an anti-microfilaria 
antibody which is not present in the sera of microfilaremic 
individuals (McGreevy et al., 1980; Wong and Guest, 1969), 
and antibody levels to the filarial parasites increase as 
disease severity increases (Maisels, et al., 1983). Because 
elephantiasis is considered to be a dynamic condition with 
reinfection continually occuring and microfilaremia being
suppressed via immunological mechanisms, amicrofilaremic 
individuals with elephantiasis are considered to be
excellent examples of protective immunity in man (Partono, 
1987). Although studies have demonstrated that jirds are 
capable of developing some resistance to Brugia spp. 
following immunisation with irradiated Lg (Chusattayanond 
and Denham, 1986; Yates and Higashi, 1985) or 
microfilarial antigens (Kasura, et. al., 1986), this 
resistance phenomenon does not occur during the course of 
unattenuated infection following subcutaneous or 
intraperitoneal inoculation of Lg (Klei et al., 1980; 1987; 
McCall et al., 1973). Jirds do recognise microfilarial
antigens and develop antibodies against these antigens 
during infection, but jirds do not produce anti- 
microfilarial sheath antibodies which are likely to be the 
important factors in the clearance of microfilariae 
(Farrar, Chap. 1; Tomasito et al, 1986).
In the jird, anti-microfilarial antibodies produced 
during unattenuated infection are probably directed against 
cross-reacting epitopes present in other stages. 
Antibodies in sera of jirds which had been exposed only to 
the microfilarial stage recognised 24 protein bands of the 
SSE in the Western blot in common with sera from animals 
that had harboured only and and animals that had been 
exposed to all stages of the parasite. Only one protein 
band, the 80 kD band, was recognised by the Mf-only sera 
that was not recognised by other sera. These results 
suggest that most of the anti-microfilarial antibodies 
produced by jirds during unattenuated infections is 
recognising cross-reacting epitopes between adults and the 
microfilarial stage.
In the jird, antibody titers to £. pahangi SSE 
measured by ensyme linked immunosorbent assay (ELISA) 
rise sharply, peak early at 50 DPI and remain relatively 
constant throughout the course of infection (Klei et al., 
1989). There is no corresponding downregulation of 
antibody responses as measured by ELISA titers like that 
observed in the formation of the lymphatic thrombi. It is 
possible that the ELISA technique may mask subtle changes
in antibody responses. With the exception of responses to 
the 15 kD and 17 kD protein bands, similar antibody
responses to the SSE were also observed in the Western blot
technique. Although antibody responses to the SSE do not 
appear to be down-regulated, the granulomatous inflammatory 
responses to the SSE measured by In vitro blastogenesis 
assay and by lung granuloma formation are downregulated. 
It is possible that the down regulation phenomenon is
related only to cellular responses. However, the decrease 
observed in the antibody responses to the 15 kD and 17 kD 
protein bands in the Western blot suggests that antibody 
responses may also be downregulated in filariasis. It is 
also possible that the epitopes being recognised on these 
proteins are phosphorylcholine epitopes. A temporally 
similar peak and decline of anti-phosphorylcholine antibody 
titer has been reported in jirds infected with B. malavi 
(Weil, 1988). Phosphorylcholine has been identified as a 
major epitope in the antigens of B. malayi and B. pahangi 
and has been found in soluble somatic extracts, in vitro 
released antigens and as a circulating antigen in serum 
(Maisels et al., 1987; Wenger et al., 1988). Further
investigation of these two protein bands is warranted. It 
is possible that these bands contain antigens that are 
targets of the down regulation of the granulomatous
inflammatory response.
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Table 1
Groups of jirds singly and multiply infected with 
Brutfia pahangi
Group Number of Duration Mean Numbers
Inoculations of Duration of Jirds
of 50 Lo Infection of per
(DPI) Infection Group
I 8 173-188 181 12
II 4 173-188 181 12
III 4 82-96 90 12
IV 1 173-188 181 12
V 1 152-167 160 12
VI 1 131-146 139 12
VII 1 110-125 118 12
VIII 1 82-96 90 10*
IX 1 61-76 69 10*
X 1 40-55 48 12
XI 1 19-34 27 12
XII 0 0 0 12
*Two jirds died in each group prior to necropsy date.
LEGENDS
Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Numbers of jirds in Group I recognising each 
protein band in an immunoblot analysis of B. 
pahangi SSE. Group I consisted of 12 male 
jirds which received eight inoculations of 50 
B. pahangi L~. The duration of infection 
for the group ranged from 173-188 DPI.
Numbers of jirds in Group IV recognizing each 
protein band in an immunoblot analysis of £. 
pahangi SSE. Group IV consisted of 12 male
jirds which received one inoculation of 50 B* 
pahangi L„. The duration of infection for the
group ranged from 173-188 DPI.
Numbers of jirds in Group VII recognising each
protein band in an immunoblot analysis of £.
pahangi SSE. Group VII consisted of 12 male
jirds which received one inoculation of 50 £. 
pahangi L~. The duration of infection for the
group ranged from 110-125 DPI.
Numbers of jirds in Group VIII recognising each 
protein band in an immunoblot analysis of £. 
pahangi SSE. Group VIII at necropsy con­
sisted of 10 male jirds which had received one 
inoculation of 50 B. pahangi Lg. The duration 
of infection ranged from 82-96 DPI.
Numbers of jirds in Group IX recognising each 
protein band in an immunoblot analysis of £•
pahangi SSE. Group IX at necropsy consisted of
10 male jirds which had received one
inoculation of 50 £. pahangi Lg. The duration 
of infection ranged from 61-76 DPI.
Numbers of jirds in Group X recognizing each 
protein band in an immunoblot analysis of £.
pahangi SSE. Group X consisted of 12 male
jirds which had received one inoculation of 50 
£. pahangi L„. The duration of infection 
ranged from 40-55 DPI.
Numbers of jirds in Group XI recognizing each 
protein band in an immunoblot analysis of £.
pahangi SSE. Group XI consisted of 12 male
jirds which had received one inoculation of 50 
B. pahangi L-. The duration of infection 
ranged from 19-34 DPI. No jirds in this group
recognized any proteins with molecular weights 
below 44 kD.
Figure
Figure
Figure
Figure
Figure
Figure
8. Immunoblot of B. pahangi SSE with pooled serum 
from each group of 11 groups of jirds infected 
with B. pahangi L3. Duration of infection 
ranged from 19 DPI in Group XI to 188 DPI in 
Groups I, II and IV. This immunoblot illus­
trates the general pattern of recognition of 
the 42 protein bands separated by SDS-PAGE.
9. A comparison of time course of the infection
with recognition of the 37, 21, 17 and 15 kD
proteins by antibody in necropsy sera of singly 
infected jirds in Groups IV-XI. Each value 
represents the total number of jirds which 
recognized each band.
10. Immunoblot of B- pahangi SSE demonstrating the 
appearance of the 15 kD protein (arrow).
Strip A was probed with serum from a jird 
which had been infected with B. pahangi for 
70 days. Strip B was probed with serum from
a jird which had been infected for 150 
days.
11. A comparison of time course of the infection
with recognition of the 37, 21, 17 and 15 kD
bands by antibody in sequential serum samples 
from Groups I and IV. Values represent the 
total numbers of jirds in each group
recognizing each protein band.
12. Immunoblot of E- pahangi SSE with sequential 
serum samples of a singly inoculated jird in 
Group IV. Arrows are pointing to the 17 kD 
protein band at 84 DPI, the 21 kD and 37 kD 
protein bands at 173 DPI.
13. Immunoblot of B- pahangi SSE with sequential 
serum samples of a jird in Group I which had 
received 8 inoculations of B- pahangi Lg.
Arrows are pointing to the 17 kD band at 84 
DPI, and the 21 kD and 37 kD bands at 173 DPI.
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CHAPTER 3
BRUGIA PAHANGI: IDENTIFICATION OF ANTIGEN
FRACTIONS THAT INDUCE GRANULOMATOUS INFLAMMATORY 
RESPONSES IN THE JIRD (MERTONES UNGUICULATUS1 
DURING INFECTION
Rita G. Farrar, T. R. Klei, R. C. Montelaro,
F. M. Enright, M. D. West, C. S. McVay 
and S. U. Coleman
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Abstract. In an attempt to identify parasite antigens 
involved in granulomatous inflammatory responses in the 
.iird-Brugia pahangi model, a crude soluble extract of
Brugia pahangi was fractionated. Using lectin affinity 
chromatography followed by high performance liquid 
chromatography reverse phase, fractionation yielded a 
glycoprotein pool and seven non-lectin binding protein 
fractions labeled A-G. Separation by SDS-polyacrylamide gel 
electrophoresis revealed marked differences in numbers of 
proteins among the different fractions. In the Western 
blot, fractions were probed with serum from jirds with 
Brugia pahangi infections of 60 and 150 days duration.
Qualitative differences were observed in antibody 
recognition of specific antigens in the different
fractions. Fractions were coupled to sized cyanogen-
bromide activated Sepharose 4-B beads. A protein 
determination and an indirect fluorescent antibody test of 
antigen coupled beads indicated that each type of bead was 
coated with antigenic proteins in each case. The beads 
were embolized in the lungs by intravenous inoculation into 
uninfected jirds and jirds with infections of 60 and 150 
days duration. After necropsy, granulomas which formed 
around 40-60 urn diameter beads were measured. Granulomas 
were induced by beads coated with the glycoprotein pool and 
fractions E, F and G. These were of maximal size at 60 
days and markedly decreased at 150 days post inoculation. 
At 60 days post inoculation, a perivascular infiltrate 
composed of eosinophils and mononuclear cells was also
observed in lungs. The severity of this reaction appeared 
to correlate with the sise of the granulomas induced by 
beads coupled with these fractions. In vitro lymphocyte 
blastogenesis responses to the fractions were also 
measured. Cells responded differently to antigen fractions 
than to starting mixtures. No correlation between in vitro 
lymphocyte blastogenesis and pulmonary granulomatous 
responses was observed when comparisons were made with the 
antigen fractions. Fractions which stimulated granuloma 
formation did not stimulate blastogenesis. Conversely, in 
vitro blastogenesis responses to the fractions were higher 
in lymph node cells at 150 days.. The results of this study 
indicate that high performance liquid chromatography 
fractionation can be used to partially purify parasite 
soluble somatic extracts to obtain fractions that retain 
antigenicity and are qualitatively and quantitatively 
different. Fractions containing antigens that elicit 
marked pulmonary granulomatous responses have been 
identified. A lack of correlation between in vitro 
lymphocyte blastogenesis and pulmonary granuloma responses 
suggests that different mechanisms may be involved in each 
of the phenomena. The system may be useful in 
characterising antigens involved in induction of 
granulomatous lesions in the lymphatics.
The filarid nematodes Wuchereria banorofti and Brugia 
malayi by virtue of their life cycle present a variety of 
antigens to the host and elicit a complex and diverse array 
of immune responses. Identification of the antigenic 
components of these parasites is central to the better 
understanding of the pathogenesis of lymphatic filariasis 
{Freedman et al., 1988; Ottesen, 1980; 1984; Piessens and 
Mackenzie, 1982). However, identification of specific
parasite antigens relevant to the pathogenesis of the 
disease has yet to be defined in man or animal models.
Attempts to identify antigens relative to pathology 
with antibody specific responses of jirds infected with £. 
pahangi have not been rewarding (Farrar et al., 1989). To 
date, antibody has not been implicated in the pathogenesis 
of lymphatic lesions, and identification of specific
antigens with antibody is hampered by the cross reactivity 
of filarial antigens (Maisels, et al., 1983; 1985; Philipp 
et al, 1986).
In the jird-£. pahangi model, the kinetics of the 
granulomatous inflammatory response have been defined, 
demonstrating distinctive responsive and hyporesponsive 
periods during the course of infection that relate to 
lymphatic lesion severity as judged by lymphatic thrombi 
numbers (Klei et al., 1988; 1989). The kinetics of down
regulation of the lymphatic granulomatous response are
similar to that of lung granulomas formed in response to B. 
pahangi soluble somatic extract coated cyanogen-bromide
(CnBr) activated sepharose 4B beads. Granuloma formation in 
the lymphatics reaches a maximum between 60-90 days post 
inoculation (PI). A decreased intensity of lymphatic 
thrombi which results in reduced lymphatic lesions is then 
observed, plateauing about 150 days PI. These findings 
suggest that similar mechanisms are associated with the 
regulation of the inflammatory response in both sites and 
that the measurement of the pulmonary granulomatous 
response is a valid method with which to analyse parasite 
antigens.
In this study we have attempted to identify antigens 
of B. pahangi that may be involved in the pathogenesis of 
the granulomatous imflammatory response in the lymphatics 
of jirds infected with B. pahangi using the pulmonary bead 
system. The methods used to partially purify the soluble 
somatic extract of £. pahangi were fractionation by lentil 
lectin affinity chromatography and high performance liquid 
chromatography - reverse phase. The present paper 
describes initial screening of the £. pahangi SSE fractions 
by in vivo pulmonary granulomatous reactivity using the 
CnBr activated sepharose 4B beads coated with each of the 
fractions. Fractions were also characterised by their 
ability to induce in vitro blastogenesis of lymph node and 
spleen cells. The contents of the fractions were 
qualitatively characterised by Western blots of SDS-PAGE 
separated fractions which were probed with sera from fi. 
pahangi infected jirds.
MATERIALS AND METHODS
Parasites
The infective stage larvae (Lg) were obtained from 
Aedes egypti mosquitos and the adult Brugia pahangi 
parasites were obtained from jirds intraperitoneally 
infected as previously described (Farrar et al., 1989).
Antigen Preparation
A soluble somatic extract (SSE) of adult B. pahangi 
was prepared at 4°C by grinding whole parasites of both 
sexes in PBS, pH 7.5, with a Ten Broeke tissue grinder in 
an ice bath. A protease inhibitor (Aprotenin, Sigma 
Chemical Co., St. Louis, Mo.) was added at a concentration 
of 25.0% to the antigen preparation. The antigen extract 
was then sonicated with four 1-minute sonification bursts 
with a Sonifier Cell Disrupter W-350 (Smithkline Corp., 
Philadelphia, Pa.). The crude extract was stirred overnight 
at 4°C and centrifuged at 100,000 g for 1 hour at 4°C. The 
protein content of the supernant was determined according 
to the methods of Lowry (1951).
Animals
Inbred agouti male jirds (Meriones unguioulatus) 8-10 
weeks of age were obtained from Tumblebrook Farms 
(Westbrook, MA.).
Filarial Infections
The jirds were divided into three groups of 30 jirds
each. Each jird in groups one and two was subcutaneously 
infected with 100 g. pahangi Lg as previously described. 
(Farrar et al., 1989). Group one jirds were infected 150 
days and group two jirds were infected 60 days prior to 
bead inoculation. Group three jirds served as uninfected 
controls.
Serum Sources
Jird serum: Individual jird serum was collected and
pooled per group from the three groups of jirds prior to 
the inoculation of antigen coated beads.
Normal rabbit serum: Normal rabbit serum was obtained
from rabbits prior to their immunization for the production 
of rabbit anti-jird IgG. The serum was screened using a 
Western blot for non-reactivity with g. pahangi SSE.
Rabbit anti-jird IgG and Rabbit anti-B. pahangi: 
Rabbit anti-jird IgG and rabbit anti-g. pahangi were 
prepared as previously described (Farrar et al., 1989).
Goat anti-rabbit IgG: Goat anti-rabbit IgG antiserum
conjugated to horseradish peroxidase (HRP) or 
fluorescein isothiocyanate (FITC) was obtained commercially 
(Kirkegaard and Perry Laboratories, Gaithersburg, Md.).
Lgnti.l Lectin Chromatography
Column preparation: A lentil lectin column was
prepared with lentil lectin (Lens cuticularis) bonded to 
sepharose (Pharmacia Chemicals, Uppsala, Sweden) in a 5.0 
ml column with a 4.0 ml bed volume. The column was washed
with a starting buffer consisting of 0.2 M Tris, 0.1 M NaCl 
and 0.1% deoxycholate (DOC), pH 8.3, at a flow rate of 10 
ml/hour until a stable baseline was achieved. Column 
output was monitored with a UV monitor at an absorbance of 
280 nm.
Sample preparation: The SSE of £. pahangi was
precipitated with ten volumes of acetone and centrifuged at
10,000 g for 10 minutes at 4°C. Precipitated protein was 
solubilised in a disruption buffer consisting of 0.2 M 
Tris, 0.1 M NaCl and 0.5% DOC, pH 8.3. The sample was 
incubated at 20 C for 10 minutes, sonicated for 15 seconds, 
incubated at 37°C for 10 minutes, resonicated for 15 
seconds and centrifuged at 10,000 g for 10 minutes at 4°C.
The supernatant was applied to the lentil lectin 
column at a flow rate of 10 ml/hour. The column was washed 
with start buffer to remove the non-binding proteins. This 
flowthrough fraction was collected for further 
fractionation. Bound glycoproteins were then eluted with 
0.2 M alpha-methylglucoside in 0,2 M ammonium carbonate, 
0.1 M NaCl and 0.1% DOC, pH 8.3. The glycoprotein fraction 
was dialysed against 0.1 M ammonium carbonate, then 
dialysed against 0.5 M ammonium carbonate, lyophilised to 
dryness and resuspended in 0.01 M PBS, pH 7.2 (Montelaro et 
al., 1983).
High Esr.forjnanp.e Liquid Chromatography - Reverse Ehas_e
The flowthrough fraction from the lentil lectin 
column was solubilised in two volumes of 6 N guanadine HC1
(Sigma), adjusted to pH 3.1 with trifluroacetic acid (TFA)
(Sigma), cleared with 10 N NaOH and readjusted to pH 5.0
with TFA. The sample was filtered through a 0.45 micron 
filter (Acrodisc, Gelman Scientific, Ann Arbor, Mich.) and 
loaded in 0.5 ml injections onto a Waters Radial Compress 
Module (RCM-100) with a C-18 radially compressed cartridge 
and monitored with a Varian 5000 liquid chromatograph with 
a UV“5 detector and a 280 nm filter. Solvent A was 
acetonitrile (Mallinkrodt, Paris, ECy. ) with 0.1% TFA. 
Solvent B was water with 0.1% TFA. The flow rate was 1.0 
ml/minute with fractions collected at one minute intervals. 
The fractions were collected and pooled continuously along 
the gradient. Fractions from successive separations were 
pooled with previous fractions to increase the
concentrations and minimise losses. Fractions were 
lypholised to dryness and then resuspended in 0.2 M borate 
buffer. Protein concentrations of each fraction were
determined by the method of Lowry.
SDS^EME
The SSE of £. pahangi. glycoproteins which were eluted 
from the lentil lectin column (the glycoprotein pool) and 
the fractions obtained via high performance liquid 
chromatography - reverse phase (HPLC) were separated via 
polyacrylamine electrophoresis (SDS-PAGE) in a 7.5%-20% 
gradient gel with a 4% stacking gel using the discontinuous 
buffer system (0.25 M Tris, 0.192 M glycine, 0.1% SDS, pH 
8.3) according to the modified procedure of Lammeli (1970).
The samples were prepared and electrophoresis performed as 
previously described (Farrar et al., 1989). The separated
protein bands were stained with Coomassie brilliant blue G- 
250 (Biorad Laboratories, Richmond, CA. ).
Western Blots
Electrophoretic transfer of the antigen preparations 
to nitrocelluose paper (NCP) was performed according to the 
method of Towbin et al. (1979) as previously described 
(Farrar et al., 1989).
Immunoblot: The NCP containing the molecular weight
standards was removed and stained with an aqueous solution 
of Ponceau S dye. The non-specific binding sites on the 
NCP were blocked and the visualisation of the proteins 
recognised by pooled sera from jirds infected with g. 
Pahangi for 60 days or 150 days was accomplished with a 
double-sandwich immunoblot as previously described (Farrar 
et al., 1989).
Lung Granuloma Measurements
CNBr activated sepharose 4B beads were activated, 
sised and coupled with antigen as previously described 
(Klei et al., 1981). Briefly, beads were washed, activated 
and sised with 0.001 M HC1 to yield beads varying in siae 
from 10-50 urn. These beads were coupled with 100.0 ug of 
SSE of g. pahangi. glycoprotein pool, lentil lectin 
flowthrough fraction, six HPLC antigen fractions, or 
Diethanolamine (DEA). Approximately 30,000 beads in an 0.5 
ml volume were injected into each jird intravenously via
the retroorbital plexus. Three jirds from each of the 
treatment groups of jirds, animals with 60 day infections, 
150 day infections and uninfected controls, served as 
recipients for each antigen fraction. Three days post-bead 
injection, the jirds were euthanized with ether and 
necropsied. The lungs were inflated and fixed with 1035 
buffered formalin. Sections of the lung granulomas were 
prepared by taking five step-sections at 200 um intervals 
from each lung lobe. Slides were stained with hematoxylin 
and eosin. Camera lucida drawings of 25 individual 
granulomas around beads 40 to 60 um in diameter were made 
from each animal. Measurements of the granuloma areas were 
determined from the drawings with a digital image analyzer 
{Bioquant, R and M Biometrics, Nashville, Tenn.). Slides 
were also stained with Luxol fast blue to determine the 
eosinophil population of the granulomas and of the 
perivascular inflammatory infiltrate. A scoring system was 
devised to measure the severity of the perivascular 
inflammatory infiltrate and to compare the severity and 
eosinophil content of the infiltrate with granuloma size 
and eosinophil content. Cells were counted around cross- 
sections of blood vessels that were at least 150-180 um in 
diameter. The criteria used as a guide to determine each 
individual score were as follows: 0, no perivascular
infiltrate around large vessels; 1, cells around the 
vessels were not confluent but were two to three cell 
layers thick around 50% of the vessel and contained an
eosinophil population of 30% or less; 2, a confluent cell 
layer at least four cell layers thick around the vessel 
with 30-50% eosinophils; 3, the confluent cell layer around 
the vessel was 5 or more cells thick and composed of >50% 
eosinophils. Slides were randomly numbered and scored in a 
blind fashion.
Protein Determination m  Antigen-coated Beads
CNBr activated sepharose 4B beads were washed, 
activated and coupled with B, pahangi SSE, glycoprotein 
pool and HPLC fractions A-G. Aliquots containing 160 ul of 
bead preparations were placed into microtiter plates and 
the protein content of the coating on the beads was 
determined by the Biorad protein assay {Biorad 
Laboratories, Richmond, CA.).
IFAT with Antigen-coated Beads
The indirect fluorescent antibody technique was used 
to verify the presence of B. nahangi antigen on the surface 
of the CNBr sepharose 4B beads. Samples of beads coated 
with each fraction used in the lung granuloma assay in 150 
ul volumes were incubated with equal volumes of 1% normal 
goat serum for 5 minutes at 37°C on a rocker platform, 
centrifuged and washed in two 5-minute washes with PBS. 
The beads were then incubated for 15 minutes at 37°C with 
rabbit anti-B. pahangi serum diluted 1:30 followed by two 
5-minute washes with PBS. The beads were incubated for 15 
minutes at 37°C with goat anti-rabbit IgG conjugated to 
fluorescein isothiocyanate (FITC) at a 1:40 dilution in PBS
with 0.25% Evan's blue dye followed by two 5-minute washes 
in PBS. Aliquots containing 50 ul of each bead suspension 
were placed on a slide in phosphate buffered glycerol, pH
9.0 and examined with a Zeiss research microscope equipped 
with an epi-fluorescent illuminator and Bp filters of 450- 
490 and 520-590 nm and a 510 nm dichroic reflector (Carl 
Zeiss Inc., Thornwood, N.Y.). Controls for nonspecific 
fluorescence were normal rabbit serum and goat anti-rabbit 
IgG conjugated to FITC.
Lymphocyte Blasfoffenesis Assay
Media: RPMI-1640 (Gibco) was prepared with 4% fetal
calf serum, 100 I.U./ml penicillin, 100 ug/ml streptomycin 
and 500 ug/ml amphotericin B. The media was supplemented 
with L-glutamine and buffered with sodium bicarbonate and 
Hepes (Gibco).
Mitogens: Fhytohemaglutinin P (PHA, Difco) and
pokeweek mitogen (PWM, Gibco) were diluted with RPMI-1640. 
PHA was diluted 1:500 and PWM was diluted 1:50.
Lymphocyte suspension: Single cell suspensions were
prepared from spleen and from combined axillary, brachial 
and cervical lymph nodes from each of three groups of 
jirds: jirds with subcutaneous infections with B. pahangi
of 60 days duration, jirds with infections of 150 days 
duration and uninfected controls. The cells from four 
jirds in each group were pooled. Cells were diluted 1:100 
in Turk's solution and counted in a Neubauer hemocytometer. 
Cell viability was determined by Trypan dye exclusion.
In vitro blastogenesis; Spleen and lymph node cell 
suspensions were diluted to a final concentration
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of 5 x 10 cells per 100 ul. Cell suspensions were added
at a volume of 100 ul/well to 96 well microtiter plates.
Mitogen stimulated cultures were placed in flat bottomed
plates (Linbro Scientific, Hamden, Conn.). The mitogens PHA
and PWM were added at a volume of 100 ul/well to triplicate
wells of each cell type.
For cultures stimulated by E. pahangi antigens, round
bottomed microtiter plates were used (Immulon, Dynatech Lab
Inc., Alexandria, Va.). For each of the antigen
preparations, three dilutions were made with RPMI so that
100 ul of each antigen would contain either 5 ug, 10 ug or
20 ug of protein. Each dilution was added to triplicate
wells of each cell type. Unstimulated controls consisted
of triplicate cultures of cells of each cell type to which
100 ul of RPMI was added. Final volume in all wells was
o
200 ul. All cultures were incubated at 37 C in air-5% CO .
2
Tritiated thymidine (ICN-Radiochemicals, Irvine, CA.) 
was diluted with RPMI-1640 to a dilution of 1 uCi/20 ul. 
After 72 hours of incubation, 20 ul/well of the tritiated 
thymidine was added to the mitogen plate as a terminal 18 
hour pulse. The cells were harvested on glass fiber filter 
paper with a Skatron automated cell harvested (Lierbyen, 
Norway). Antigen stimulated cultures were pulsed with 
tritiated thymidine after five days incubation and 
harvested after 18 hours. Labeled nuclear fractions were
counted for tritium content in a Packard Tricarb 4530 
liquid scintillation system (Packard Instrument Corp., 
Downers Grove, 111.). Assays were repeated two times. 
Results were expressed as net counts per minute (NCPM) ± 
standard error of the mean (SEM). Student t-test was used 
to evaluate the signifigance of differences of means 
between granuloma areas, between percentage eosinophil 
content of granulomas and between perivascular inflammatory 
infiltrate severity scores.
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RESULTS
Fractionation of the SSE of B. pahangi containing 30 
mg of protein through the lectin column yielded 0.60 ml of a 
glycoprotein fraction with a protein concentration of 1.8 
mg/ml. The further fractionation by HPLC of the non-bound 
flowthrough containing 8.8 mg of protein yielded seven 
protein fractions labeled A-G in order of increasing 
hydrophobicity. The HPLC fractionation profile is shown in 
Figure 1. The total protein in the HPLC fractions ranged 
from 3.0 ug in fraction A to 3.54 mg in fraction F.
SDS-PAGE
Separation of the glycoprotein pool from the lectin 
column and the HPLC fractions via SDS-PAGE revealed that 
each of the antigen fractions contained fewer protein bands 
than the crude SSE {Fig. 2). HPLC fractions A and B did 
not contain any proteins that stained with Coomassie blue 
dye. Fraction C contained two protein bands that were also 
found in fraction D. Fraction D contained an additional 
protein band of the same molecular weight as a band with 
decreased staining intensity in fraction E. Fractions E, F 
and G contained multiple bands with the majority of the 
bands appearing in all three fractions. Each fraction, 
however, also contained a protein or proteins unique to 
that fraction. Fraction E contained two unique protein 
bands with molecular weights of 28 kD and 14 kD. Fraction 
F contained three unique protein bands with molecular 
weights of 94 kD, 70 kD and 30 kD. Fraction G contained
■two unique protein bands with molecular weights of 31 kD 
and 32 kD. The glycoprotein pool contained a 100 kD 
protein band not found in the HPLC fractions. Several of 
the protein bands in this fraction stained more intensely 
than the same band in the SSE, indicating an increased 
concentration of the protein.
Western Blot
Crude SSE, the glycoprotein pool and the HPLC 
fractions were transferred to NCP and probed with pooled 
serum from jirds with 60 DPI infections and 150 DPI
infections. Jird sera did not recognise any distinct
protein bands in fractions A-D. There were qualitative 
differences among the different antigen fractions in
proteins recognised by jird antibody in both 60 and 150 DPI 
sera. There were bands in the glycoprotein pool and the 
HPLC fractions E, F and G with enhanced immunoreactive 
staining compared to bands of similar molecular weight in 
the SSE {Figs. 3, 4). The enhanced bands include a wide
diffuse protein band with a molecular weight of 26 kD in 
fractions E and F, a 24 kD protein band in the glycoprotein 
pool, the 17 kD protein band in the glycoprotein pool, and 
HPLC fractions E, F and G and the 12 and 13 kD bands in the 
glycoprotein pool and fractions F and G. There were also 
qualitative differences in antibody recognition of the 
antigen fractions between the 60 DPI serum and the 150 DPI 
serum. A 15 kD protein band in fraction E, F and G and a 
21 kD protein band in fractions F and G were recognised by 
jird antibody in 150 DPI serum but were not recognised by
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antibody in 60 DPI serum (Fig. 4). The intensity of the 
immunoreactive staining of the 17 kD, the 24 kD and the 26 
kD protein bands was decreased in the immunoblot with the 
150 DPI serum.
Lung Granulomas
A comparison was made of granuloma areas induced in 
the lungs of the jirds by beads coupled with the different 
antigen fractions. HPLC fraction A did not contain enough 
protein to permit the coating of an adequate number of 
beads and was not included in the lung granuloma study. The 
results are illustrated in Figure 5. In animals with 60 DPI 
infections, the largest granulomas were produced by 
fraction E. With the exception of the glycoprotein pool 
(GP), the granulomas induced by beads coupled with fraction 
E were significantly larger than the granulomas induced by 
the remaining fractions (P<0.05). Granulomas around beads 
coupled with fractions B and C were not significantly 
different from the DEA controls. Granulomas induced by 
beads coupled with fraction D were minimal and 
significantly smaller than fraction G (P<0.05) but were 
significantly larger than the controls (P<0.05). Granuloma 
sizes were maximal in animals with infections of 60 days 
duration and significantly decreased (P<0.01) with all 
fractions except B and C and the DEA control in animals 
with infections of 150 days duration (Figs. 6,7).
Granulomas were composed of mononuclear cells and 
eosinophils. With the exception of beads coated with HPLC
fractions B-D, eosinophils were adjacent to the surface of 
antigen coated beads. Many of the eosinophils were 
flattened against the bead surface and had discharged their 
granules. The percentage of eosinophils was significantly 
greater {P<0.05) in granulomas induced by beads coupled 
with fraction E than in granulomas induced by beads coupled 
with the remaining fractions, the SSE and the flowthrough 
(Fig. 8). There were no differences, however, in numbers 
of eosinophils in granulomas induced by beads coupled to 
SSE (Bp), GP, flowthrough (FT) or F. The percentage of 
eosinophils in the granulomas induced by beads coupled with 
fraction D were no greater than that observed in granulomas 
induced by beads coated with DEA in similar animals. At 
150 DPI, eosinophils were significantly decreased (P<0.05) 
in granulomas induced by all fractions except B, C and the 
DEA controls.
At 60 DPI, there was moderate to marked perivascular 
cuffing with a cell population containing a preponderance 
of eosinophils (Fig. 9). This infiltrate was not observed 
in any animal at 150 DPI (Fig. 10), The severity of the 
eosinophilic inflammatory infiltrate was compared with 
granuloma size at 60 DPI (Fig. 11). Scores indicating 
severity of the infiltrate around the vessels were highest 
in animals receiving beads coupled to fraction E, but there 
was no significant difference between scores in animals 
inoculated with beads coupled to E, GP or F. The scores 
decreased as the granuloma sizes decreased. Scores for 
fractions B and C were equal to or smaller than the DEA
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control in animals with B- pahangi infections of 60 days 
duration. Although beads coupled to the flowthrough 
induced a granulomatous response in the jirds, there was 
very little perivascular infiltrate observed in those 
animals. The percentage of eosinophils in the
perivascular infiltrate is illustrated in Figure 12. There 
was no significance difference in the percentage of 
eosinophils in the perivascular infiltrate associated with 
granulomas induced by beads coupled to the GP, E, F or the 
SSE.
Protein Pffternnination of Antigen Coupled with Beads
Results of the protein determination indicated that 
protein was coupled to the surface of the beads that had 
been incubated with antigen from each of the antigen 
sources. Concentrations ranged from 7.6 ug/ml of beads 
for fraction B to 45 ug/ml of beads for fraction F.
IFAT-Antigen Coated Beads
Antibody responses to the antigen fractions coupled 
with beads were examined using an IFAT. All fraction 
coated beads exhibited fluorescence when incubated with 
Rabbit anti-B. pahangi serum but were negative when 
incubated with normal rabbit serum or conjugate alone. DEA 
coated beads were negative when incubated with rabbit anti- 
B. pahangi serum or normal rabbit serum.
Is Vitro Blastogenesis
A dose response was observed when the jird cells were
stimulated to undergo blastogenesis with the glycoprotein 
pool and the HPLC fractions. Maximal cellular response was 
observed at antigen concentrations of 5 ug/ml. 
Stimulation decreased as the antigen concentration 
increased to 20 ug/ml (data not shown). All results are 
reported using the 5 ug/ml antigen concentration. The
flowthrough fraction was not tested in this assay due to a 
lack of material. Spleen cells from animals with 
infections of 60 days duration were responsive to the SSE 
of £. pahangi but responses of cells from animals with
infections of 150 days duration were decreased (Fig. 13).
Fractions B, C, D and G appeared to suppress blastogenesis 
of spleen cells from both infected and uninfected animals. 
There was no difference in the responses of 60 and 150 day 
spleen cells to stimulation with the remaining fractions. 
NCPM in response to reactive fractions were higher in lymph 
node cells from animals with 150 DPI infections than in
lymph node cells from animals with 60 DPI infections (Fig.
14). Fractions B, C and D also appeared to suppress
blastogenesis of lymph node cell cultures from animals with 
infections and from the uninfected controls. NCPM were
significantly greater in 150 day lymph node cells to 
stimulation with the glycoprotein pool (P<0.05).
All spleen and lymph node cells used responded to the 
mitogens phytohemagglutenin and poke weed mitogen (data not 
shown). Spleen cells from animals with infections of 60 
days duration were responsive to both PHA and PWM but
responses of spleen cells from animals with infections of
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150 days duration were decreased. Lymph node cells from 
animals with infections of both 60 and 150 days duration 
were responsive to both mitogens. The responses of lymph 
node cells to PHA were greater at 150 days than 60 days but 
were decreased in response to PWM at 150 days.
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DISCUSSION
Pulmonary granulomatous responses to parasite antigens 
have been used as a method to measure cellular response to 
particles coated with soluble parasite antigens {Boros and 
Warren, 1971; 1973; Klei et al., 1981; 1989; von
Lichtenberg et al., 1971) in experimental models. In these 
studies, pulmonary granulomatous responses were correlated 
with granulomatous lesion severity in other tissues. In 
the jird-B, pahangi model, the kinetics of the pulmonary 
granulomatous responses to the crude SSE and the kinetics 
of the lymphatic granulomatous lesions which form in 
infected jirds have been shown to be similar (Klei et al., 
1988; 1989). A maximum lymphatic granulomatous response as 
determined by sise and numbers of lymphatic thrombi was 
observed between 60-90 DPI, followed by a decreased in 
granuloma siae and numbers which reaches a minimum level 
approximately 150 DPI. Pulmonary responses to SSE were 
similar, maximal at 30 DPI and minimal at 150 DPI. 
Pulmonary responses to beads coupled with the fractions of 
B. pahangi SSE obtained from the lectin and HPLC columns 
followed a general pattern of reactivity previously 
described (Klei et al., 1988; 1989). Reactive and non­
reactive fractions of the SSE were identified using the 
bead-induced pulmonary granuloma system. Fractions B and C 
were non-reactive. The glycoprotein pool, flowthrough, E, 
F, and G were reactive fractions, inducing granulomas that 
were significantly larger than the non-reactive fractions
and the DEA controls. Fraction D was intermediate in its 
ability to induce granulomas. Protein determination and 
IFAT results indicate that the beads were coated with 
antigenic proteins of E. pahangi and the non-reactive 
condition was not due to an absence of worm protein. 
However, some quantitative differences in bound protein may 
occur in this system. Maximum granuloma responses were 
observed in animals with infections of 60 days duration and 
markedly decreased granulomatous responses observed in 
animals with infections of 150 days duration. These
observations confirm and extend previous studies on 
granulomatous inflammation in this model (Klei et al., 
1988; 1989). The data also suggest that this system is
adaptable for studies on antigen specific inflammatory 
responses induced by filariae. Further, relevant antigens 
may be separated and identified using these systems.
A pulmonary perivascular inflammatory response was 
also observed in animals receiving fraction coupled beads. 
The severity of the perivascular inflammatory infiltrate 
appeared to be associated with granulomatous responses to 
the fraction coated beads in animals with infections of 60 
days duration. A perivascular inflammatory infiltrate has 
been associated with the presence of the larval or adult 
parasites in the affected pulmonary vessels in jirds with 
unattenuated infections with E. malayi and B- pahangi
(Vincent et al., 1976). In animals with 60 day infections 
receiving DEA coated beads, a minimal reaction around
vessels containing worms indicated that the presence of the
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parasites in the lungs of the infected animals was not the 
only factor involved in the induction of the perivascular 
inflammatory infiltrate severity observed with the reactive 
fractions. Scores for the severity of the infiltrate 
paralleled granuloma sises induced by reactive fractions. 
No perivascular infiltrate was observed in animals 
receiving beads coated with the non-reactive fractions. 
The association between granuloma sise and perivascular 
infiltrate severity was not observed with the flowthrough 
fraction, however. This fraction, a composite of both 
reactive and non-reactive fractions of the SSE minus the 
glycoprotein pool, was reactive with regard to induction of 
a granulomatous inflammatory response but non-reactive with 
regard to the perivascular inflammatory infiltrate. These 
results suggest that the non-reactive fractions may be 
suppressive rather than non-reactive.
In vitro cellular response to the fractions were 
measured using a lymphocyte blastogenesis assay. A loss of 
cellular responsiveness to filarial antigens similar to 
that observed in man (Kwa and Mak, 1980; Ottesen et al., 
1977; Piessens et al., 1980a; b) has been demonstrated in 
S. pahangi infected jirds (Lammie and Kat2, 1983a; 1983b). 
These studies indicated that the loss of responsiveness was 
associated the the onset of patency. In this study, the 
responses of the jird spleen and lymph node cells to the 
mitogens PHA and PWM and to an SSE of B, pahangi were 
comparable to other in vitro blastogenesis studies with the
jird-B- pahangi model {Lammie and Katz, 1983a; Portaro et 
al., 1976). Spleen cells from animals with 60 day 
infections were responsive to both mitogens and SSE but 
with the onset of microfilaremia, responses were 
suppressed. Lymph node cells, however, were responsive to 
both SSE and mitogens early and late in infection with 
increased responses at 150 DPI. Fractionation of the SSE, 
however, altered the response pattern of both spleen and 
lymph node cells. In contrast to spleen cell responses to 
SSE, responses of spleen cells to the glycoprotein pool, E 
and F were similar in animals with 60 and 150 day 
infections. The glycoprotein pool appeared to be mitogenic 
to lymph node cells from animals with 150 day infections. 
The reason for the observed effect of this fraction is 
unknown. Fractions B and C were suppressive to both lymph 
node and spleen cells. Fraction D, a reactive intermediate 
in vivo, was suppressive to all cells except spleen cells 
from animals with 150 day infections In vitro.
Other studies have indicated that spleen cells from 
jirds with prepatent, amicrofilaremic infections (less than 
8 weeks duration) were responsive to some of the fractions 
of E. pahangi SSE obtained from the HPLC-gel filtration 
fractionation, but spleen cells from microfilaremic jirds 
were uniformly unresponsive. Responses of lymph node cells 
were reportedly similar to responses to the SSE (Michaud 
and Lammie, 1987). Conversely, in this study both spleen 
and lymph node cells were suppressed by some fractions and 
responsive to others at both 60 and 150 DPI. The
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differences in cellular responses observed in the two 
studies could be explained by the fact that the antigen 
fractionation methods used were markedly different. The 
fractionation methods in each of these studies were based 
on different properties of the antigens, yielding different 
fractions. In addition, glycoproteins were not removed 
prior to the HPLC-gel filtration fractionation in that 
study (Michoud and Lammie, 1988).
The suppressive effects of fractions B and C on 
cellular responses in vitro indicate that these fractions 
may be suppressive rather than non-reactive in vivo. This 
assumption is further supported by the results observed 
in pulmonary inflammatory responses to beads coupled with 
the flowthrough fraction. This fraction is a composite of 
both reactive and the non-reactive/suppressive fractions. 
Removal of the reactive glycoprotein pool may have enhanced 
the suppressive effects of fractions B and C and possibly D 
also, resulting in the reduced pulmonary granuloma sise 
observed with this fraction and the suppression of the
perivascular inflammatory infiltrate.
The only consistent association between In vivo lung 
granuloma formation and in vitro lymphocyte blastogenesis 
with the fractionated antigens of S. pahangi SSE were the
responses of spleen cells to the crude antigen and the
suppressive effects of fractions B and C. In studies with
crude parasite antigens in the Schistosoma-mouse model, a 
temporal correlation has been demonstrated between in vitro
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lymphocyte responses to soluble egg antigens (SEA) and 
granuloma formation induced by SEA coupled beads (Colley, 
1981; Stratvisky, 1987). In this study fractionated
antigens were used, and it is possible that the factor or 
factors responsible for the induction of cellular
responsiveness in vitro may have been removed by the 
fractionation methods used. It is also possible that in 
the jird-B. pahangi model, different mechanisms of cellular 
responsiveness are involved in each phenomenon. The lack 
of a consistent correlation between the two phenomena may 
be related to a difference in the sensitivity of the assays 
in detecting responses of the cells. Clearly, alternate 
pathways and/or mediators may be utilised in vivo that are
not available in an in vitro closed system.
Cellular composition of granulomas induced by
different fractions also varied. In general, eosinophil 
content of the granulomas was observed to mimic granuloma 
size. Granulomas induced by the SSE contained
approximately 34-36% eosinophils which is similar to that 
reported for the SSE in previous studies (Klei et al., 
1981). The eosinophil content of granulomas induced by the 
glycoprotein pool and the flowthrough were similar. The 
eosinophil content of 46% and 40% in granulomas induced by 
the reactive fractions E and F was higher than that 
observed for the SSE. The percentage of eosinophils was 
significantly higher in E (P<0.05). In contrast, few to no 
eosinophils were observed around beads coupled with 
suppressive fractions, DEA, or around beads coupled with
137
reactive fractions examined at 150 DPI. Although the 
mechanisms associated with these responses are unknown, the 
significant decrease in eosinophil content in the 
granulomas induced by reactive fractions at 150 DPI 
suggests that the down-regulatory phenomenon associated 
with a decrease in granuloma sise may also affect cellular 
composition of these lesions. A similar relationship has 
been observed in S. mansoni egg induced granulomas (Colley, 
1973).
Eosinophils were also the major component of the 
perivascular inflammatory filtrate associated with 
granulomas induced at 60 DPI by reactive fractions. The 
mechanisms involved in the eosinophilic perivascular 
inflammatory infiltrate are not known. The association 
between the severity of this eosinophilic infiltrate and 
granuloma sise relative to reactive and suppressive 
fractions and the disappearance of the predominately 
eosinophilic infiltrate when granuloma formation is down- 
regulated suggests that granuloma products, e.g. lympho- 
kines, may be involved with this response. The production 
of lymphokines chemotactic for eosinophils by antigen 
coated bead-induced pulmonary granulomata have been 
demonstrated is vitro in the £. mansoni model (Carrick and 
Boros, 1980).
Qualitative differences were observed by Western blot 
analysis in antibody recognition of specific antigens in 
the different fractions. Differences were also observed
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between band recognition by antibodies in 60 DPI and 150 
DPI jird sera. A previous study using Western blot 
analysis of the crude SSE has identified four protein bands 
with molecular weights of 37 kD, 21 kD, 17 kD and 15 kD. 
These bands have been temporally associated with the onset 
of patency of the parasite (37 kD), increased levels of 
microfilariae in the circulation (21 kD) and the 
downregulation of lymphatic granulomatous lesions (17 and 
15 kD) (Farrar et al. 1989). Bands of similar molecular 
weight and temporal recognition by antibody were recognised 
in the glycoprotein pool and fractions E, F end G. At this 
time, there is no data to associate antibody recognition of 
the protein bands in the fractions with the development of 
pulmonary granulomatous inflammatory responses.
In summary, fractionation of the SSE of £. pahangi 
using lectin affinity chromatography and HPLC-reverse phase 
has allowed the identification of several fractions which 
are involved in the induction of pulmonary granulomatous 
responses in infected jirds. Two fractions with apparent 
suppressive properties have also been identified. Further 
studies of these fractions are warranted to determine a 
role, if any, antigens in these fractions may play in the 
pathogenesis of lymphatic filariasis.
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FIGURE LEGENDS
The elution profile of the HPLC fractions A-
G.
SDS-PAGE of the SSE of Brugia Pahangi and the 
fractions obtained from fractionation by lectin 
affinity chromatography (the glycoprotein pool) 
and high performance liquid chromatography 
reverse phase (HPLC fractions B-G). There are 
qualitative differences in the number of 
protein bands present in each fraction. 
Fractions A and B contained no bands detectable 
with Coomasie Blue protein stain. The 
glycoprotein pool and E, F and G each 
contain protein bands unique to that fraction.
Immunoblot of Brugia pahangi SSE and fraction­
ated antigens using pooled serum from jirds 
with infections of 60 days duration. 
Molecular weight markers are indicated in the 
left margin of the blot. Fractions A, B 
and C are not recognised by antibody in serum 
from infected jirds. Multiple bands are 
recognized in the glycoprotein pool and 
fractions E, F and G.
Immunoblot of Brugia pahangi SSE and fraction­
ated antigens using pooled serum from jirds 
with infections of 150 days duration. Molecular 
weight markers are indicated in the left margin. 
Qualitative differences in antibody recognition 
of the fractions was observed between 60 DPI 
serum and 150 DPI serum. The arrow points to a 
15 kD protein band recognised in fractions Ej F 
and G at 150 DPI that was not recognised at 60 
DPI.
Areas of pulmonary granulomas induced by beads 
coupled with Brugia pahangi SSE, flow­
through, glycoprotein pool and HPLC fractions 
B-G. Each fraction was inoculated 
intravenously into three jirds from each group: 
uninfected controls (0), animals with infections 
of 60 days duration (60) and animals with 
infections of 150 days duration (150). Each 
bar is the mean ± S.E.M. of 25 granuloma 
measurements from each of three jirds.
Pulmonary granuloma induced by a bead coupled 
to HPLC fraction E in a jird with a 
Brugia pahangi infection of 60 days duration. 
x50. The cells adjacent to the bead are 
eosinophils which appear to be degranulating.
144
Figure 7. Pulmonary granuloma induced by a bead coupled 
to HPLC fraction E in a jird with a Brugia 
pahangi infection of 150 days duration, xlOO. 
The sise of the granuloma is markedly reduced 
compared to the granuloma induced in an animal 
with a 60 day infection.
Figure 8. Percentage of eosinophils in bead-induced pul­
monary granulomas. Each value is the mean ± 
the standard deviation. The eosinophil content 
of granulomas induced by beads coupled to 
fraction E is significant (P<0.05). Granu­
lomas around beads in uninfected controls {0) 
were composed primarily of mononuclear cells 
with few to no visible eosinophils.
Figure 9. Perivascular eosinophilic infiltrate around a 
pulmonary vessel (arrow) in a jird with an 
infection of 60 days duration which had 
been inoculated with beads coupled to fraction 
E. x50.
Figure 10. A pulmonary blood vessel (arrow) in a jird
with an infection of 150 days duration. This 
jird had received beads coupled with fraction 
E. No perivascular infiltrate is observed. 
x50.
Figure 11. Comparison of granuloma area and perivascular 
inflammatory infiltrate severity at 60 DPI.
Each value is the mean + standard deviation. 
Perivascular infiltrate scores associated with 
granulomas induced by beads coupled to the 
glycoprotein pool, fractions E and F are not 
significantly different. The scores associat­
ed with granu.loma formation induced by beads 
coupled with the flow-through are not signif­
icantly different from the scores associated 
with granulomas induced by beads coupled to DEA 
in similar animals.
Figure 12. Percentage of eosinophils in the perivascular
inflammatory infiltrate. Each value is the 
mean + standard deviation of the per cent of 
eosinophils in the perivascular infiltrate 
around 10 blood vessels with cross-sectional 
diameters >150 m.
Figure 13. In vitro lymphocyte blastogenesis of spleen 
cells. Cells from uninfected controls and 
jirds with infections of 60 and 150 days 
duration were used. Each value is the mean net 
counts per minute + standard error of the mean. 
In fractionated antigen stimulated spleen
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cells, fractions B, C and D were suppressive to 
all spleen cells.
Figure 14. In vitro lymphocyte blastogenesis of lymph node 
cells. Cells from uninfected controls and 
jirds with infections of 60 and 150 days 
duration were used. Values are expressed as 
mean net counts per minute + standard error 
of the mean. Fractions B, C and D were also 
suppressive to lymph node cells.
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SUMMARY
This series of reports constitutes an initial 
identification of the responses of jirds infected with g. 
pahangi to the parasite antigens. Antibody responses to 
each developmental stage were examined using the IFAT. All 
structures recognized in female, male, L4, L3 and
microfilariae were recognized by antibodies in all serum 
samples from animals with infections ranging from 34-188 
days PI. Prior to 34 days PI, embryonic membranes in the 
female uterus were not recognised. Absorption of the sera 
with beads coated with a soluble somatic extract of adult
parasites removed all reactivity of the sera with sections
of female parasites. This indicated that the antibody
reactivity observed was parasite specific. In this study 
jirds did not recognise the outer surface of any 
developmental stage as immunogenic. No stage or organ 
specific antigen recognition was observed. It is possible 
that most of the antibody produced in response to fi. 
pahangi may be directed primarily toward an immunodominant 
epitope such as phosphorylcholine and this phenomenon may 
be masking stage or organ specific recognition.
Antibody responses of singly and multiply infected
jirds to a SSE of B. pahangi were measured using Western 
blot methodology. Antibodies in the serum samples 
recognized a total of 42 proteins ranging in molecular 
weight from 12 kD to 167 kD. Comparison of antibody 
recognition of these protein bands by individual serum 
samples with numbers of inoculations, numbers of adult
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parasites recovered, levels of microfilaremia, numbers of 
lymphatic thrombi and ELISA titers did not reveal any 
association between band recognition and these parameters. 
However, there did appear to be qualitative differences in 
recognition of four low molecular weight protein bands 
which could be temporally associated with events occurring 
during the course of infection. Temporal recognition of 
the 37 kD and 21 kD protein bands suggested that these 
antibody responses may be directed toward antigens related 
to uterine activity and/or microfilarial release or 
antigens related to adult worms. Antibody recognition of 
the 17 kD band paralleled the time course of lymphatic 
granulomatous formation and down regulation. The 15 kD 
band was recognised briefly and intensely during the period 
of maximum down regulation of the lymphatic granulomatous 
responses. The parallel rise and decline of antibody
recognising these antigens suggests that the antibody
responses to these antigens are also being down regulated 
in some manner. It is also possible that the epitopes
being recognised are phosphorylcholine. The lack of
association between antibody recognition of protein bands 
and all parameters measured except time course of infection 
suggests that antibodies identified do not play a role in 
protection of the host during unattenuated infections and 
are not involved in the pathogenesis of the lymphatic 
lesions. However, it is possible that the 17 kD and 15 kD 
bands contain antigens that are involved in the regulation
of the granulomatous inflammatory response or are similar 
to those inducing granulomas.
The SSE of B. pahangi was fractionated using lectin 
affinity chromatography and HPLC-reverse phase, yielding 
fractions that retained antigenicity and were both 
qualitatively and quantitatively different. These
differences were measured in the induction of In vivo and 
in vitro cellular responses. In vivo responses were 
pulmonary granulomatous responses induced by sepharose beads 
coupled with the different fractions. Pulmonary
granulomatous inflammatory responses followed a pattern of 
down regulation similar to that observed in lymphatic 
granulomatous inflammatory responses with maximal granuloma 
size in animals with infections of 60 days duration and 
significantly decreased granuloma size in animals with 
infections of 150 days duration. Reactive fractions 
inducing significant granulomas were the glycoprotein pool 
and E, F and 6. Fractions B and C did not induce a 
granulomatous response and D was an intermediate between 
the reactive and non-reactive fractions. An eosinophilic 
perivascular infiltrate was observed accompanying granuloma 
formation at 60 DPI. The severity of the infiltrate 
was similar to the granulomatous responses induced by the 
reactive fractions with the exception of the flow through 
fraction.
Fractionation of the SSE also altered in vitro 
lymphocyte blastogenesis response patterns of both spleen 
and lymph node cells. Fractions B, C and D
suppressive to both lymph node and spleen cells. There 
were no differences in the responses of 60 and 150 DPI 
spleen cells to the remaining fractions. The mitogenic 
effect of the glycoprotein upon the 150 DPI lymph node cells 
could not be explained. The suppressive effects of 
fractions B and C in vitro indicated that these fractions 
may be suppressive rather than non-reactive in vivo.
The only consistent association between in vivo 
pulmonary granulomatous responses and in vitro 
blastogenesis responses to the fractionated antigens of E. 
pahangi SSE were the cellular responses to the crude SSE 
and the suppressive effects of fractions B and C. A factor 
or factors responsible for the induction of cellular 
responsiveness in vitro to £. pahangi antigens may have 
been removed by the fractionation methods used, or 
different mechanisms of cellular responsiveness may be 
involved in each phenomenon. It is also possible that the 
lack of association may be related to a difference in 
sensitivity of the assays in detecting responses of the 
cells. Fractionation of the SSE has allowed the 
identification of several fractions which are involved in 
the induction of pulmonary granulomatous inflammatory 
responses and the identification of two fractions, and 
possibly a third, with suppressive properties.
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